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Sir, 

AuUioriased and honoured by your Royal Highne88*8 
gracious permission to dedicate to your Royal Highness this 
attempt to treat of a subject of vital importance to the country 
with which your Royal Highness is happily associated and 
identified, I have only to hope that my endeavour to give 
unity of system to the tactics of war by land and sea, as well 
as military strength to the formations of fleets, by apply- 
ing the principles which regulate tlie dispositions and move- 
ments of armies to the new system of warfare on the ocean, 
for which this country ought to be fully prepared, may not 
be considered unworthy of the illustrious name by which my 
humble efforts are patronized, and not altogether useless to that 
great branch of Her Majesty's Service, on the efficiency and 
the supremacy of which the security of the Insular and Colonial 
Empire of Great Britain, must ever depend. 

I have the honour to be^ 

Sib, 

With sentiments of the most profound respect^ 

Your Royal Highnesses devoted and 

Most obedient humble servant^ 

The AuTHOB. 
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NAVAL WARFARE WITH STEAM. 



INTRODUCTION. 



We arc now at the commencement of a new era in 
naval warfare, in consequence of the introduction of 
steam as a propelling power for ships, and its applica- 
tion, by all the maritime powers of Europe, to vessels 
of war, from those of the lowest class to line-of-battle 
ships of the greatest magnitude. This new power 
will necessarily modify, and, to a great extent, over- 
turn, the present tactics of war on the ocean. 

Hitherto the execution of naval evolutions has de- 
pended on atmospherical conditions, and often the best- 
concerted plans for attack or defence at sea have been 
frustrated, when at the point of being successfully 
carried out, by sudden calms, or by unforeseen changes 
in the direction of the wind ; while now, an elaborate 
system of appropriate machinery, put in motion by the 
expansive force of steam, by enabling a vessel to be 
moved at pleasure, with more or less rapidity, or to be 
brought to a state of rest, or again, to have the direc- 
tion of its motion changed through the guiding power 
of the helm, will enable the commander of a ship or 
fleet to put in practice, without risk of failure, what- 
ever manoeuvre he may have determined on, whether 
for coming to action, or for counteracting the measures 
taken by his opponent, previously to, or during, all 
the battle movements of the fleet. 

It is generally supposed that the present naval su* 
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premaqr of Great Britain is mainly due to circum- 
stances arising out of the particular nature of the 
moving power by which the evolutions of vessels, 
singly or in fleets, have been performed. That moving 
power is the wind acting on the sails of the ships — a 
power in its nature very variable ; and it is evident 
that the introduction of steam, as a propelling power, 
whose action is entirely under the control of the engi- 
neer, will bring about great clianges in the relative 
conditions of British and foreign navies, affecting, in 
consequence, the maritime importance of the several 
European nations. 

This subject has already attracted the notice of scien- 
tific men in foreign countries; and an opinion prevails 
abroad, that the employment of steam as a moving 
power for ships of war will be attended with results 
beneficial to the nations of the Continent, while it will 
operate to the disadvantage of Qreat Britain.* 

It is supposed that to superior tactical skill in our 
commanders, in anticipating the effects likely to arise 
firom variations in the force and direction of the wind, 
and to the superior practical experience and expertness 
*of our operative seamen in executing the orders of the 
oflScers, with respect to the manipulation of the rigging 
and sails, the British navy is in a great measure indebted 
for the success which has hitherto attended it in the 
hostile collisions of its sliips with those of other nations ; 



* ** Dei machines ]mitsantcs du cenro d*an motcur oMnsant rendra inntiks 
ci la marint et ks marini a Toile doot la Grande Dretagne est un ruche li 
Sfeonde.'*— 2Vt PropuIskmM iSotcf>j&/bria«, iiar M. Labroufe, 1843. 

** Ce diangement rendra rexp6rienoe et let habitudes narales moina utiles, et 
toofneim h TaTantage de la France bien plus que de TAngleterre.**— Pidxhans, 
8mr mm Anm Nomwelie MarUime^ p. 28, 

«*La vapeur mena^mit rAnsleterro de mettrp la marine k la porUe de tout 

nand people qui aniait dcs soldau agucrris et dcs 6nanoes iirosp<jr^ 

La ▼apear, p^trona-nous bien de oette Writ^ place la qucstioif de supr^ 
■Mtie maritmie sor un ternda plua aboidable poor noos.**— De la GraTW 
l/aMrm MhniimM, vol. iL pp. 250^ 264. 
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and it is observed that when the complicated xnanceuvres 
required to govern the motion of a ship under sail shall 
be supei*seded by the more simple management of steam 
machinery, naval warfare under steam will be in a 
great measure independent of nautical skill and good 
practical seamanship, and that the evolutions of a fleet 
will be reduced almost to the precision of miHtaiy 
movements in the field. It is hence argued that on the 
cmplo3rment of steam-propulsion for ships of war be- 
coming general in Europe, that, supremacy which our 
warlike navy has so long and so happily for us main- 
tained, will cease to exist, and tliat other nations, less 
rich in nautical resources, but more abundant in those, 
both personal and material, which are required for 
military service on land, will become relatively more 
powerful than they were under the former conditions. 

But does it necessarily follow that Great Britain will 
no longer maintain her present superiority in naval 
warfare ? or, if so, will her decline be wholly due to 
the employment of steam-propulsion in ships of war ? 
The author ventures to think that such an opinion is 
unfounded, and that it can have been formed only on 
the presumption that our nautical science and me- 
chanical skill are to remain stationary, while those of 
other nations go on improving. In this case there 
would, indeed, come a time when the superiority would 
be on the Continental side, but nothing appears, at 
present, to justify such a presumption. Our seamen of 
all ranks, are admitted to have, at this time, greater 
skill than those of other nations, not only in naval 
evolutions under sail, but also in the management of 
steam-machinery; and they continue to be dihgently 
trained in all that relates to naval tactics with wind or 
steam: thus they are prepared to avail themselves of 
every improvement that science and practice can sug- 
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gest for the augmentation of their professional attain* 
ments. 

Thisdrcomstance alone, cceteris paribuSy should enable 
British commanders to preserve their present supe- 
riority over those of the Continent; but how much 
greater are the advantages of our country, in respect 
of its seamen, over every other nation ! Foreign sea- 
men being taken, chiefly by conscription, from towns 
or fields, have seldom more than that training which 
can be given them in ships of war, on board of which 
they serve almost wholly within the limits of the Euro- 
pean waters ; whereas our sailors, exerting the energies 
of a people long habituated to maritime pursuits, are 
trained in our vast mercantile marine to the perform- 
ance of their duties in every region of the earth, while 
employed in transporting merchandise between the 
mother country and its widely extended colonial do- 
minions. 

Our superiority holds good also with respect to their 
training in the employment of steam. The machinery 
for the propulsion of a British steamer is the best that 
can be executed, and the engineers who attend it are 
well known to have greater skill and more experience 
than men of the like class in other nations; Eng- 
lishmen are, in fact, generally employed to work the 
engines on board of the mercantile steamers of foreign 
countries ; and no reason can be given why their skill 
and their energies should be stationary, or not keep pace 
with their increasing opportunities for improvement. 

It may, therefore, be safely affirmed that the advan- 
tages which Great Britain has so long enjoyed in her 
maritime superiority, will rather be incr^ised than 
lessened under the new and as yet untried power of 
motioii ; and it may be reasonably supposed that other 
will continue to follow rather than lead us in 
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the career of nautical warfare. The subject is, how- 
ever, one of momentous importance to us, and it should 
engage us to bring every possible consideration to bear 
on the means by which Great Britain may, even at 
the outset, be enabled to maintain that superiority in 
steam-warfare, which has already been obtained for her 
by the skill and intrepidity of the ofEcors and seamen 
of her glorious sailing navy. 

New discoveries in the means and implements of war 
have at all times been necessarily attended, both in 
fleets and armies, by new formations in the array of 
battle, and by modifications, or entire changes, in their 
tactical evolutions. The greatest change in these re- 
spects took place at the epoch of the first employment 
of gunpowder in warfare; but every improvement in 
arms has, since that time, constantly led to counter- 
acting measures being taken in organization and move- 
ments both naval and military, of which the history of 
military science affords abundant examples. It must 
be observed, however, that alterations in tactics have 
always been made by slow degrees, and have generally 
followed at long intervals the improvements which ren- 
dered them necessary. At the present time it may be 
said that no efficient change has yet been made in 
military tactics to meet the introduction of the im- 
proved rifle as a general arm for the infantry of the 
line. 

The employment of steam as a motive power in the 
warlike navies of all maritime nations, is a vast and 
sudden change in the means of engaging in action on 
the seas, which must produce an entire revolution in 
naval warfare, and must render necessary the imme- 
diate adoption of new measures in tactics, and new 
material resources ; these should be forthwith studied, 
and provided, with all the mental and physical energies 
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irhich tbe talent and wealth of this country can exert; 
in particular, no money should be spared, considering 
the magnitude of the object at stake, — no less than the 
preservation of our naval supremacy, — in procuring all 
that is necessary to meet the requirements of the service 
at this momentous epoch. 

The changes which political events have produced in 
the maritime affairs of all the nations of Europe, and 
the great improvements which have been made in 
naval constructions and armaments, and particularly 
the introduction of steam as a motive power since the 
termination of the wars arising from the great French . 
Revolution, are matters with which it behoves the 
statesmen of this country to be thoroughly acquainted. 
One great naval power in Europe has disappeared as 
such, and another has sprung up in the New World. 
The steam fleet of France is in a state of progressive 
augmentation ; the government of that country having 
acted upon the decision of its '' Commission dEnquete^* 
of 1849,* and has now attained a very formidable 
degree of strength. The division of the Russian fleet 
now in the Baltic, amotmting to about 40 sail of the 
line, will speedily become a steam fleet ; and the navies 
of the minor powers, Denmark, Sweden, and Holland, 
under the able administrations of those countries, are 
in a very efficient state. In short, the navies of 
Europe and of • America have so increased in the 
number and strength of the ships, and i)iQ\r personnel^ 
in all that relates to the science and practice of war, 
that, in a future contest, the sea will become the theatre 
of events, more important and decisive than have ever 
yet been witnessed. 

* 8m tbt *Enqii4ta Pftrlemcntaire, tor U SiUuition ei lX)TganitatMNi dot 
Scrrkn de U lUriiM MiliUire, onlooD^ ptr U Loi da 31 Octobic, 1S49.* 
rkrM, InprinerM K«taoiiale, 1S51. 
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The efforts of our nearest continental neighbours 
have been particularly directed during the last nine 
years to the re-attainment of that rank and considera- 
tion which their nation formerly held among the naval 
powers of the world ; and, cidmitting this to be a just 
and laudable policy for France to pursue, Great Britain 
should, at the same time, keep steadily in view tlio 
measures now being carried out in that country, con- 
formably to the recommendation of the Commission of 
Inquiry just referred to, and must take corresponding 
measures to increase in due proportion the power, 
efficiency, and numerical strength of her naval forces, 
in order to maintain her present position. Thus, 
the naval arsenals of two great nations in alliance 
with each other, one of- them impelled by a necessity 
of the first and highest order — tliat of providing 
effectually for its own security, are resounding with 
the din of warlike preparations, while both nations 
might be participating in the financial advantages 
and social benefits of a sound, substantial, and lasting 
peace. 

It may be proj^er to obsei-ve here, that the Com- 
mission of Inquiry, in its sitting of the 3rd February, 
1851, decided, that the number of ships of the lino 
which, by the Ordonnance of 1846, was limited to 
40, should be increased to 45, and that each ship 
should be provided with steam power. This was 
tlie niunber adopted, but it appears from the discussion 
which took place on the occasion, that the proposi- 
tion of M. Chamer, one of the members of the Com- 
mission, to increase the number to 50 ships of the 
line was rather postponed than rejected. It was re- 
commended to have the greatest number possible of 
ships of the line finished, afloat, and ready armed 
whenever they might be i-equired. The reason for 
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adoptiDg the smaller number was, that 45 ships would 
be finished in less time, and thus the funds voted 
would be economised^ and the country be better pre- 
pared in the event of war soon breaking out. The 
number of ships actually finished is 47» and there is 
little doubt that it will soon amount to 50, as proposed 
by M. Chamer. 

In the sittings of the 12th February and the 10th 
March, 1851, it was resolved that the number of 
steam-frigates, a grande viiesse^ should be 20, of frigates 
moved by sail and steam, also 20 ; at the same sitting 
it was decided that the number of corvettes should be 
fixed at 50, and that there should be 80 avisos. It was 
also decided that the construction of the 20 swift steam- 
frigates and the 50 corvettes should be completed gra- 
dually within the next ten years ; at the same time it 
was determined that all sailing transports sliould be 
suppressed ; and that, instead of them, there should be 
20 steamers to serve as transports.* The line-of-battle 
steamers are recommended to be built on the model of the 
* Napoleon,' formerly the * Yingt^uatre-Fevricr ;' the 
engines of tliis ship, though rated at 9 CO horse-power, 
can be worked up to 1500 horse-power, and the ship is 
capable of stowing coal for 10 days when steaming at 
full speed. It was subsequently resolved that the 
^ Equipages de ligne '* (ships' crews), and the '* Me- 
caniciens,'* or engine-men, should continue to be kept 
up by means of the maritime conscription; that 14 
ships of the line then afloat should undergo the altera- 
tions necessaiy to convert them into steam-ships ; that 
the number should be made up to 30 from the ships 
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then on the stocks, and that 20 of them should be com- 
pleted within ten years. 

In the decision respecting tlie establishment of ships* 
crews for manning the 46 ships of the line decreed by 
the Ordonnance of 1846, it was regulated that an 
adequate increase should be made in the number of 
companies, each of which was appointed to consist of 
GO seamen of the first, second, and third classes, with 
20 seamen-apprentices; also that the establishment of 
seamen-gunners should be on so large a scale, that 
there might be one well-trained gunner to every gun 
in the ships to which they should be drafted. 

The decisions of French Commissioners, on subjects 
referred to them, are not liable to alteration . with a 
change of government, as with us; they are, on the 
contrary, immutable, and are perseveringly acted upon 
till they are effectually carried out. It is well known 
that the idea of constructing a great harbour at Cher- 
bourg originated with Louis XIV., though the work 
was commenced only in the reign of Louis XYI. ; and, 
in the present year we have seen the completion of 
that vast work, which, in the language of the President 
of the Commission appointed in 1849, ^^is to contain 
the fleets which are to defend the French coasts and 
attack the English in their own country." • 

Viewing France as that which she really is, a great 
power, whose safety depends upon her military forces, 
we have no right to cavil at any measures which the 
government of that country may adopt for its own 



' In A speech deliTcrod at a Bitting of the CominiBsion of Inc^niry before 
referred to, Jan. 27th, 1861 (* Enquite Parlcmcntidre,' torn, i., p. 149X 
1^1. Daru, after obeerving that, in the expedition to Rome, the whole French 
amiy was embarked and conTeyed in ten days from Toulon to Cinta Veochia, 
infers that 24 steam frigates, 24 transports, 8 corvettes, and 3 avisos, concen« 
trated at Dunkirk, Cherbourg, or Brest, would sufike to disembark 30,000 men 
and 3000 hones on any part of Great Britain or Ireland. 
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eecority against its powerful continental neig]iboui*s. 
Her military preponderance is as essential to lier safety, 
as tbe maritime preponderance of Great Britain (an 
insular and colonial power) is indispensable to hers. 
Neither should be jealous nor distrustful of the other 
in any legitimate use which either may make of the 
powers with which nature has endowed them, respec- 
tively, for providing efFectually for their own security. 
The author makes these observations in no un- 
friendly spirit ; he takes facts and circumstances as ho 
finds them, and he uses them merely in proof of the 
necessity which Great Britain is under of taking cor- 
responding measures to secure her own position, as a 
great maritime nation, among the powers of Europe. 
Sincerely disposed to value and maintain, in his humble 
sphere, the friendly relations which happily subsist 
between the governments of England and France, and 
relying on the assurances lately given by the head of 
the French nation, the author cannot but admire the 
policy by which the government of France is ac- 
tuated in 80 reorganizing its maritime resources as 
to raise its navy to the highest possible degree of 
efficiency. Great Britain, as an insular and co- 
lonial empire, can maintain that high position in 
the rank of nations which she has gained by the 
instrumentality of her navy, only by keeping that 
noble branch of her service, not merely in a state 
barely sufficient to protect herself against any one 
maritime power, but fully adequate to defeat any mari- 
time coalition to which political circumstances may at 
any future time give rise. And it must always be 
borne in mind, that, to enable the navy of Great 
Britain to act on equal terms with that of any conti- 
nental nation, it ought by far to exceed the navy of 
such nation in the number of ships of war of like force. 
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Taking France, for example : while the naval power of 
that country will, in the event of a war, be chiefly 
collected in the two seas on the shores of which her 
great arsenals are established, that of our country must 
be dispersed over the whole world with strength sufli- 
cient, in every region, to protect her numerous colonics 
and widely-extended commerce. The fleets of England 
will, in time of war, have to blockade two great ports 
in the Bntish Channel, instead of one, as in former 
wars, and must, moreover, have dominant power in 
all the waters which surround the British Isles. 

The manning of the British navy was, in former 
times, so promptly accomplished by compulsory service, 
that, often, the dangers which menaced the country by 
sea were averted by a consciousness, on the part of the 
enemy, that our fleets were fully prepared to oppose 
any attempt at aggression. But now that the Govern- 
ment depends upon a voluntary enlistment for the 
supply of seamen to man our ships of war, there is 
always a risk of delajrs taking place when a fleet is to 
be fitted for service ; it will signify little that we have 
abundance of ships and of the materiel for arming them, 
if the brave men who are to serve in them, are not 
forthcoming at the time of need. The French have 
still their law of compulsory enrolment, from which 
they form their ships' companies; but Great Britain 
has only the inducement which a liberal bounty and 
a careful attention to comfort on board the ships offer, 
to enable her to procure the men who are to defend 
the coimtry and maintain the glory of her arms in 
naval warfare. 

A brief notice of naval tactics under sail will be 
given in the present work, because it will be long 
before sails can be entirely superseded by steam- 
engines, if this supercession should ever take place. 
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Steam fleets will be compelled occasionally, from ex-' 
kaustion of fuel or from derangements of the steam 
machinery, to have recourse to sails ; and it is evident, 
therefore, that tactics with sails must not be hastily 
disregarded. A tract on naval warfare with steam is, 
however, indispensable at the present time, since evo- 
lutions which cannot be executed with precision and 
certainty, or even cannot be executed at all, with the 
sail, may be effectually accomplished by the steam 
machinery, while new evolutions and new formations 
must be subjects of contemplation ; and thus it is im- 
perative that our seamen should render themselves 
equally expert in both systems. Before entering, how- 
ever, upon the subject of naval tactics with steam, it 
will be proper to devote a section to the purpose of 
giving a brief history of the introduction of steam as a 
moving power to ships, and a brief notice of the nature 
and action of steam-machinery in its application to the 
paddle and the 9cr€w^ together with an inquiry into the 
relative values of these agents, with respect to their 
powers of communicating motion, and to their con- 
yemences in the armament of ships of war. 
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NOTE 



TO THE SECOND EDITION OF NAVAL WARFARE 
WITH STEAM. 



Thx Author has been very recently infonned that the 
Abmnltj have never paid Mr. Griffiths any patent-rent for the 
me of the Admiralty Regulation Screw with the forward comers 
vemofed. The Author has. also ascertained that Mr. Griffiths 
baa either withdrawn or waived all claim thereto. Such being 
the ease, the Author considers that Mr. G. has virtually retracted 
the chaige made against the Author, that he had claimed as his 
i the inventioQ of another.^ 



The Author feeb that his object is now accomplished, by the 
poUie having the use (without any payment tor patentprent) of 
Ibe Sana of psopeDer blade proposed by the Authw in his work 
OB Naval Wai£m with Steam.- 

* VidspagBed. 






NAVAL WARFARE WITn STEAM. 



SECTION I. 
On tub Application of Steam Poweb to Suips of Wab. 



1. It would bo foreign to the plan of this work to enter 
into details respecting the invention of the steam-engine, 
or to describe the gradual improvements which it has 
8nl)sequently undergone ; • a brief notice only will be 
given of the several steps by which it has been rendered 
applicable to the purposes of navigation.'* 

In the beginning of the eighteenth century the 
Steam-Engine, or, as it was then called, the Atmos- 
pherical Engine, produced its effect solely by the 
admission of steam into the cylinder at its lower 
extremity ; the steam by its elasticity forced the piston 
to the upper part of the cylinder, when, a vacuum 
being caused by a sudden condensation of the steam in 
consequence of a jet of cold water being introduced, the 
pressure of the atmosphere on the upper surface of the 
piston caused this to descend : steam being again 
admitted below, the piston was forced upwards ; and, 
again, a vacuum being formed as before, the atmos- 
phere caused the piston a second time to descend. This 
alternate ascent and descent of the piston caused corre- 
sponding movements of the pump-rod, by which means 
water was raised. The steam-engine was long em- 
ployed for this purpose only. 



* For a full explanatioa of the marine steam-engine in its present im- 
proved state, tbe reader is referred to the treatise on that important subject 
by Mr. Thomas J. Main, Mathematical Professor in the Royal Naval College, 
Portsmouth. 

^ The author wishes it to be understood that this historical and descriptive 
notice relating to steam is introduced only for the benefit of tlie general rokler, 
or of those officers who mi^ not hate had the advantage of studying the 
subjoot at the Royal Naval Ck>llege. 

B 
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2. The first improvement by Watt consisted in admit- 
ting the steam alternately at the bottom and top of the 
cnrlmdery so that, when the vacuum was fomiea below 
the piston, the pressure of the steam above caused the 
piston to descend ; and the vacuum being then formed 
above the piston, the pressure of the steam below caused 
it to ascend. In this manner a reciprocating motion of 
the piston was maintained ; and, as the pressure of the 
steam could be made to exceed that of the atmosphere, 
a greater degree of power was obtained ; ana this 
augmented power was enabled to act uniformly on the 
piston. The patent for this great improvement was 
obtained by Mr. Watt in 17G9 ; and, in 1780, Pickard 
took out one for converting the reciprocating motion of 
the pump-rod into a rotatory motion. This was effected 
simplv by means of a crank, and in the following year 
Mr. Watt invented what he called the sun and plcinet 
wheel-work, by which the same end was gained as 
by the crank ; and this rotatory motion was a great 
step towards the employment of the steam-engine as a 
means of propelling ships on the water. At length, in 
1802, the first boat with paddle-wheels propelled by 
steam was constructed. 

3. It would be improper to dwell on the supposed 
project of a Spanish captain named Garay, who is said, 
in 1543, to have exhibited a vessel propelled by poles to 
which motion was cpmmunicated oy ooiling water, or 
on the unsuccessful experiments made in France in 
1774-5, and in America in 1783, to give motion to a 
vessel furnished with paddle-wheels, which were made 
to revolve by means of a small steam-engine ; but it 
deserves to be particularly mentioned that in the years 
1788-9 experiments were nuule at Dalswinton in Scot- 
land on the use of paddle-wheels, at first moved by 
mechanical means, for the propulsion of vessels on 
water. These were commenced by a Mr. Millar of 
that place, send were conducted unaer his auspices by 
Messrs. Taylor and Symin^n ; and to the former of 
these two engineers is ascribed the idea of employing 
•team-power to give motion to the wheels, which was 
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afterwards put in practice by the latter. Mr. Syming- 
ton's experiments were carried on under the patronage 
of Lord Thomas Dundas; and, in 1789, a boat called 
the * Charlotte Dundas,' proi>elled by a double-stroke 
engine (Watt's patent) and paddle-wheels, was tried 
upon some water in the neighbourhood of Dalswinton ; 
it is said to have been moved at the rate of 5 miles in 
an hour. Experiments of the same nature continued 
to be made by the abovenamcd gentlemen; and, in 
1802, Symington built two steamboats which con- 
veyed goods on the Forth and Clyde canals. 

4. The American Cliancellor Livingstone had, in 
1798, made an unsuccosHful attempt to construct a steam- 
boat, to be used on the Hudson ; and, in 1803, l>eing in 
France, he constructed a steam-vessel, in conjunction 
with Fulton, to be used on the Seine : this also failed, 
but Fulton afterwards visiting England, was introduced 
to Symington, and was, by that engineer, allowed to 
insiX5Ct the vessels which ho had constructed. Fulton 
subsequently returned to America; and, in 1807, ho 
completed a vessel with paddle-wheels, moved by a 
steam-engine which had been executed by Boulton and 
Watt in England: this vessel, called the * Clermont,* 
was the first which was employed as a passage-boat, 
and its first voyage was made on the Hudson, from 
New York to Albany. 

6. The first steam-boat which plied on the Thames is 
said to have been brought from the Clyde by a Mr, 
Dawson in 1813 : as a speculation the measure failed ; 
but, from the year 1815, steam-vessels have constantly 
been employed for the conveyance of passengers up 
and down the river. 

6. A Mr. Stevens, junior, of New York, is said to 
have been the first who took a steam-boat to sea ; this 
was about the year 1804, and the vessel is said to have 
been moved by a machine resembling a smoke-jack : this 
may consequently be considered as the first application 
of the Screw-Propeller in navigation. The nrst ship 
propelled by steam which crossed the Atlantic was the 
' Savannah,' a vessel of 350 tons burthen. It was built 

D 2 
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and equipped at New York, and, in 1819, it proceeded 
direct to liverpool ; from thence it proceeded to St. 
Petersburg, ana subsequently recrossed the Atlantic, 
having used steam during the whole voyage. Between 
the years 1842 and 1845 Her Majesty's steam-sloop 
* Driver,* commanded by Captains Harmer and Hayes, 
made the circuit of the earth. 

7. It may be interesting to know that as long since 
as the year 1785 Mr. Bramah obtained a patent for a 
submersed propeller on the principle, it is said, of a 
windmill-sail; subsequently patents were obtained by 
other persons for propellers constructed on similar 
principles, which being moved by meclianical means, 
sufficiently demonstrated the efficiency of tliat construc- 
tion. In 1836, Captain Erecsson, a native of Sweden, 
obtained a patent in England for a screw-propeller, and 
a steam-vessel constructed by tliat engineer with the 
screw at the stem was tried on the Thames, in presence 
of the First Lord of the Admiralty and the Surveyor 
General of the Navy ; the success is said to have been 
complete, but the new machine failed to gain the 
approbation of the Britisli Grovemment. The subject . 
being, however, brought to the notice of Captain 
Stockton, of the United States* Navy, tlien in London, 
this officer stronglv recommended it to the authorities 
in America. Under his direction an iron vessel with 
a screw propeller was constructed in England; and, 
after crossing the Atlantic, it was employed on the 
Delaware and Bariton Canal. This vessel afforded the 
first practical evidence of the success of the screw as a 
means of propulsion, both for the inland waters of a 
oountiy and on the high seas. 

8« The greatest improvement which has been made in 
the manner of applying steam as a moving power, with 
respect to the union of force with economy, has con- 
sisted in what is called the expansive principle. It is 
at present the custom to allow steam whose force of 
elaradty is expressed by a pressure varying from 25 lbs. 
to 40 Ita. per square inch, including the pressure of the 
mtmospherey to enter the cylinder of a steam-engine 
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and when the piston has moved through a space varv- 
ing from two-fifths to three-fifths of the whole stroke 
or range of the piston, to close the steam-slide so that 
no more steam may enter till the piston is at the end of 
the stroke, leaving that which has been admitted to 
complete the stroke by its expansive power. 

9. Now, if steam of a given elasticity be allowed to 
act uniformly on the surface of the piston through the 
whole length of the stroke, the efficient momentum of 
the steam would be expressed hy pal; p denoting the 
pressure of the steam on a square inch of the surface of 
the piston, a the area of that surface in square inches, 
and / the length of the stroke also in inches. But if 
the steam be cut off after the piston has moved through 
a part of the stroke which is expressed by m Z (m being 
a proper fraction), the efficient momentum of the ex- 
panded steam during the remainder of the piston's 

movement will be expressed by the integral of — ^- 

between the limits a?= m I and a?= I : (the density, elas- 
ticity, or pressure of the steam in any part of the 
cylinder being inversely proportional to the space, or 
distance of the piston from its place at the time the 

steam was cut off.) This integral i^apml hyp. log.. — , 

which added to a/> m Z, the momentum of the steam pre- 
viously to being cut off, the sum is the efficient momen- 
tmn of the steam thus acting expansively. If m = ^^ 

the hyp. log. of — is equal (nearly) to 2 ; and the 

whole momentum becomes \apl nearly. Thus, with 
two-fifteenths, or less than one-seventh, of the quantity 
of steam, consequently of the quantity of fuel,* a power 
is obtained equal to one-third of that produced by the 
whole of the steam if allowed to act unexpansively ; it 

* SiDOO tho pressure ou a piston varies with tbe weight or density of the 
stcaiQ, and tlio weiglit of a bddy of steam is equal to the weight of the water 
which generates it, it follows that if the quantity of fuel consumed when the 
steam is employed unexpansively he represented by 1, the quantity <*»^Tmnfd 
will be exprnsed by \ wh«n the steam is used expansively. 
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follows also that, with steam to be used expansively, 
whose elastic force is 2^ times as great as that of steam 
used unexpansively, if it be cut off when the piston has 
moved two-fifteenths of the whole length of stroke, the 
effective momentum will be the same as that which 
would be produced by the steam of less elastici^ when 
used unexpansively : while the consumption of steam, 
and therefore of fuel, in the former case is only one- 
tUrd (= 2 J X A) of the consumption in the latter 
case. It must be observed, however, that, in order to 
reast a double expansive force of steam, the machinery 
ought to have a double strength, and would, conse- 
quently, be twice as heavy. In the above investigation 
DO notice is taken of the effects of friction on the move- 
ment of the piston ; this friction, and the imncrfect 
vacuum in the cylinder, are causes of considerable loss 
of power in all steam-machinery. 

10. Experience seems to show that these retarding 
forces may, together, be estimated at about one-fifth of 
the whole power of the steam ; and there is a further 
diminution, when the steam acts expansively, on account 
of the loss of heat occasioned by the expansion of a 
eas ; and this, when the steam is allowed to expand to 
double its original volume, has been estimated at about 
one-twentieth of the whole power. It follows, as is 
observed by Messrs. Seawara and Capel,* tliat there 
may come a time during a stroke wnen the power 
of the steam becomes less than the force of resistance 
against the piston, in which case the piston would stop 
if it were not for the momentum previously acquirco. 
The same gentlemen observe that there must conse- 
quently, in i>ractice, be a limit to the expansive prin- 
ciple; and it is concluded that a cylinder having a 
3 feet stroke, in which the steam is cut off at one-third of 
the range, would be nearly as efficient as a cylinder 
baving a 6 feet stroke in which the steam is cut off at 
one-sixth, the consumption of fuel being equal. It is 
xeoommended that^ for marine enginoa^ the expansive 

* Cm or UU« to Ibo Hon. H. L. Cony, ILP., on tbo w oC High Pm- 
s«i8lMilatlN8lMi.V«MbortlNBojalHAT7. ISIO. 
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force of the steam should not exceed 10 or 12 lbs. per 

aiiare inch above the pressure of the atmosphere ; and 
essrs. Seaward and Co. propose that, for engines of 
great power, the steam shoula be cut off at one-half or 
thrce-nfths of the stroke. 

11. Marine engines of the present day are said to be 
from 20 to 60 per cent, more powerful in giving motion 
to ships than those of former times ; this greater speed, 
and tlie diminished consumption of fuel, are due to the 
adoption of the toave principle in forming the bows of 
ships, the improved construction of machinery, and 
the employment of more elastic steam. 

12. The only means of propelling ships by the 
agency of steam which have as yet been brought to the 
test of experiment, and which have been ^nerally 
adopted, are the Paddle- Wheel and the Screw ; but both 
of tnese, in their forms, have been variously modified. 

13. The reciprocating motion of the piston rods in the 
two steam cylinders of the engine being made to act, 
by means of cranks, on the shaft or common axle of the 
paddle-wheels, causes these to take a revolving motion 
about that axle ; and the reaction of the water against 
the floats or paddle-boards as they revolve, impels the 
vessel forward. 

14. When the paddle-boards are permanently fixed, as 
they usually are, in planes passing through the shaft, 
they necessarily enter the water obliaueTy; and it is 
only when any one board is in a vertical position, under 
the shaft, that the reaction of the water against it is 
direct. In other positions the boards press against the 
water in directions oblique to the line of the vessels 
motion : on entering the water the boards exert a pres- 
sure downwards, while in emerging they lift up a body 
of water, and both these actions cause violent strains 
and vibrations in the vessel. 

16. The Dipj or the immersion of the lowest paddle* 
board in the water, should in general be equal to the 
breadth of the board, so that the upper edge may be 
a-washy or on a level with the surface of the water. If 
the dip should be less than this, part of the engine's 
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power would be ineffective in producing the motion of 
the ship; if greater, part of that power would be spent 
in overcoming the greater resistance experienced in 
alternately depressing and raising the water about tlio 
entering and emerging boards. 

16. The diameters of paddle-wheels should not exceed 
four and a half times the length of stroke, for this 
reason, that if more, the ** slip " * of the paddle will be 
great. With a wheel of such profjortion the " slip '* 
would be about 20 per cent. The inner edge of the 
paddle-board should nave as nearly as possible the speed 
of the ship : the slip will then be at a minimum. 

17. The length of a paddle-board should be about, or 
rather more than ^ the diameter of the wheel. When 
the diameters of the wheels exceed 4^ times the length 
of stroke, the engines ordinarilv constructed are not 
capable of driving them effectively, so that the power of 
the engine is not fully developea. This power should 
correspond to the velocity assigned to the piston, suppose 
200 or 220 feet per minute ; and, to be enabled to obtain 
this with a larger wheel the paddle-board must be nar^ 
rowed, which would anient the slip, and under adverse 
drcumstanoes this might become very considerable. 

18. These are the proportions for sea-going vessels, 
and the whole power of the engine should be effective 
when the vessel is at the mean draught of water, viz. 
the mean between her extreme light and load lines. 
In river vessels, perhaps, a diameter of wheel equal to 
about four times the length of stroke would be a good 
proportion. It is evident that the paddle-boarcb of 
sea-going vessels should be more deeply immersed than 
those of vessels which navigate a river, since at sea, on 
account of the vesseFs pitches, the boards are great part 
of the time out of water. 

19. From the known dimensions of the paddle-wheels 
in several vessels of war, it appears that the diameters 
of the wheels vary nearly with the square root of the 
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horse-power of the engine ; and, with a vessel whose 
engine has a power equal to 200 horses, the diameter of 
the wheel, hctween the outer extremities of the paddle- 
hoards, is ahout 20 feet ; the lengths of the paddles are 
rather less than half, and the hreadths between one-ninth 
and one-tenth of the diameter. Hence, if the circum- 
ference of a wheel 20 feet in diameter be furnished with 
20 paddle-boards 2 feet broad, when the upper edge of 
the lowest vertical board is awash, there will be three 
boards wholly or partly immersed, one will be nearly 
entering the surface of the water, and a fifth will have 
just emerged from it. 

* 20. If a vessel be retained at rest in still water while 
the wheels revolve, the reaction of the water against a 
paddle-board will be the greatest when the 
board is in a vertical position in the water, 
but this will not always be the case when 
the vessel is free to. move by the rotation 
of the wheel. In order to explain this 
subject, let S be the centre of the wheel's 
rotation, and A B the momentary position 
of a paddle, making, with the vertical line 
S Z, an angle Z S B represented by 6. Let 

V be the velocity of the point C (supposed 
to be the centre of pressure on A B) in a 
direction perpendicular to the surface of the 
paddle AB, and V the velocity of the 
vessel in the water, in a horizontal direc- 
tion; then, by the Resolution of Forces or Velocities, 

V COS. d is that velocity in a direction perpendicular to 
the surface of the paddle AB; therefore V—V cos. 
will express the relative velocity of the paddle and 
vessel in the same direction. But the resistance of a 
fluid against a body moving in it varies with the square 
of the velocity;* therefore (V— V cos. d)' may denote 
the force of resistance, or pressure, against the paddle : 
this being multiplied by V, the product is the efficient 




• ExperimenU have shown tbftt this rale is Tcry nearly oorreoi noiwiUi* 
atanding the pertarhation of the water by the wheel's rotation. 
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momcDtum of that resistance in a direction perpendicular 
to tho surface of the paddle ; and consequently 
(V - V COS. 0)' V COS. 

18 the efficient force by which that resistance impels tho 
Teeecl forward horizontally : which, for the" vertical 
paddle, where = 0, becomes 

(V - yy V, 

2L But in these expressions it is supposed that the 
puddles arc wholly immersed : this is evidently not tho 
cue with the oblique paddles when the upper edge of 
tbe lowest vertical paddle is on a level vnt\\ the surface 
of the water, for then the immersed part of an obligue 
peiddle is expressed by S B — S A sec, 6 ; or, r being 
tbc radius of the wheel to the outer extremity of a 
poddle-board, and a the difference Ijctwecn r and the 
breadth {b) of the paddle, it is expressed by r — a sec. : 
cmteequently the ratio between the eHlcient resistances 
against a vertical and an oblique paddle will be as 

(V - yjb V : (V - V COS. &y V (r ooe. - a). 

These expressions being put in numbers according to 
the data, for different values of 0, it will be found that 
the fin* will be less than the second till the part of tho 

Siddle's breadth which is out of the water causes a 
minution of power which more than compensates for 
the superiority which is due to the obliqmtv. 

Making the diflerential of this last expression equal 
to zerOi we may obtain the value of Q which makes tho 
re ' *^" re a majLimum. Assuming V = J V, r = 10 feet, 
a t, whence 6=2 feet, the greatest resistance 

[I = 18**; and the force on tho vertical 
l>.v^ur X oa the oblique paddle in this position, 
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* less tlia ^ resistance against an obliquo 
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machinery always in a vertical position, the wheels 
being of equal dimensions, that wnich has the vertical 
paddles must revolve with greater velocity than the 
other, and consequently it must cause a greater con- 
sumption of steam and fuel. 

22. If a vessel were at rest, every point in the arms 
or radii of a paddle-wheel would, auring a revolution, 
describe a circle; but when the vessel is in motion, 
each point describes a trochoidal curve, which is the 
common cycloid when the forward rectilinear motion 
of the vessel, during the time of a revolution of the 
wheel, is equal to the circumference of the circle which 
would be described by the point if the vessel were at rest. 
Every point farther from the centre of the wheel than 
that which describes a common cycloid must describe 
what is called a curtate or contracted cycloid, and every 
point nearer the centre a prolate or extended cycloid. 

23. The curves described by points on the opposite 
edges of a paddle-board, and the various positions as- 
sumed by a paddle-board during a revolution of tho 
wheel, are exhibited in the annexed figure : — 

Fig. 3. 




Let A be the centre of a wheel having twenty-four 
paddle-boards, and let T be a |X)int on the exterior 
edge of one of the boards when m a vertical position ; 
also, let the wheel turn about A in the direction 
T a 6 c, &C.J and, at the same time, let the centre A bo 
carried towards B by the movement of the vessel, the 
straight line, A B, being supposed equal to the circum- 
/erence of the circle, described about A by some point 
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as Uy if the vessel were at rest. Then, if A B be divided 
into twenly-four eqn^l parts in the points 1, 2, 3, cfec, 
the board at T \^nll take, successively, the positions 
indicated by 1 E, 2 D, 3 F, &c. ; and when it coincides 
in direction with A C, tlie centre. A, being then at G, 
tlie wheel will have performed one-quarter of a revolu- 
tion, the outer edge of the board having described the 
cycloidsd curve T E . . • C, and the inner ed^e the 
curve t e . . •!!• The vessel continuing its rectilinear 
motion and the wheel its revolution, the edges of the 
board will describe the looped curves at G P X shown 
in the figure ; and when A has arrived at G, half a 
revolution of the wheel being performed, the board T 
will have the vertical position C X, The curves de- 
scribed bv the points T and t during the second half of 
the revolution of the wheel will be symmetrical with 
those described during the first half; and the whole 
revolution will be completed when A has arrived at the 
point B. If P K represent the surface of the water, the 
oblique lines within the space PXK will show the 
positions of the several paddle-boards while in the water. 

The position of the point U may be found on dividing 
the velocity of the vessel, in feet per hour, by the number 
.of revolutions of the wheel per hour (or by the number 
of double strokes made by the piston of the engine per 
hour) ; the quotient is the circumference, in feet^ of the 
circle whose radius is A U ; from this value of the cir- 
cumference the radius A U may be obtained. A circle 
whose drcumference is thus determined is called the 
circle of rotation. In vessels having the ordinary 
speedy the radius of the circle of rotation is equal to 
aoout two-thirds of the radius of the wheel, to the 
outer edges of the paddle-boards. 

The centre of pressure in any revolving plane is that 
in which, if the whole pressure were concentrated, the 
effect would be equal to that which takes place when * 
the pressure is uniforml;^ distributed over the plane. 
In a paddle-board the position of this centre varies with 
the dbpth of its immersion ; and if, as an approximation 
to its pomtion, its distance from the centre of tiie wheel 
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bo considered as equal to r— 1^&, representing this 
value by r', the expression 

(V - V'ooe. 0) V (rooe.e ''a)r'de 

being integrated between the limits of d, the result 
would give the whole pressure on the wheel, and be the 
equivalent to the power of the engine. It is at present 
the practice to measure the effective power of a marine 
engine by means of the Lxdicator ana Dynamometer. 

24. If a spiral line were traced on the convex surface 
of a cylinder, so as to coincide with the hypotenuse 
of a right-angled triangle wound about it, the base 
of the triangle being equal to the circumference of 
the cylinder, and disposed in a plane perpendicular 
to the axis, then, if through every point in the spiral 
line straight lines are drawn perpendicular to the axis 
of the cylinder, those lines will be in the superficies of 
what is called the blade or feather of a screw. If all 
these perpendiculars are of equal length, their outer 
extremities will form the periphery of the helix : the dis- 
tance between two points on this periphery, measured 
parallel to the axis of the cylinder or screw, is called 
the pitch of the screw. 

25. If a screw thus formed is attached to a floating 
body, as a ship, with its axis in a horizontal position, and. 
the screw is made, by means of machinery connected with 
a steam-engine, to revolve on that axis in the water, 
the pressure exerted by one surface of the blade on the 
water will be accompanied by a reaction of the water 
against that surface; and the force of this reaction, 
resolved in a direction parallel to the axis of the screw, 
will cause the ship to move in that direction. The 
reaction of the water against any point on the blade 
will depend on the velocity of the screw's rotation, on 
the depth of the point below the surface of the water, 
and on various other circumstances. 

26. If the water, pressed by the posterior surfaces of 
the float-boards of a paddle-wheel, or by the posterior 
surface of the blade ot a screw, coidd remain stationary 
so as to form a perfect fulcrum, the whole force of its 
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leactioo vonld be etktdn in pnqpeDing the shin ; hot 
this is not the case — ^the wauer piosed hj the paddle or 
blade recedes a/htard^ and theicfore the nsictiou of the 
water is that oolj which is doe to the di£krence between 
the Telocity of rotation in die paddle or screw and that 
of tlie water 8 recessicm. 

It should be obsenred that the action of the water on 
the anterior surfiioe of a paddle, or on the anterior sur- 
hcd of a screw-blade, is also a cause of retardation in a 
ship*s motion. 

If the pitch of a screw were 10 feet, one revolution 
of the screw would, if it were not for these impediments, 
cause the ship to be moved forward 10 feet ; whereas, in 
ordinary circumstances, it is moved only about 8 feot.^ 

27. In the early days of screw-propulsion the pro- 
pelling surface consisted of a single and continuous blade 
or feather, making at least one entire revolution about 
the spindle or axis of the screw ; but this formation was 
soon found to be defective in practice, on nccount^ first, 
of the great cross-strain it gave to one side of the axis, 
and the disturbance it occasioned in the different parts 
of tlic s^vtem ; secondly, the severe vibratory motion it 
caused m tlie stem, which is tlio wcakcbt part of tlio 
vesseL It was at first supposed that all parts of the 
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surface of a screw are equally effective in producing 
propulsion, and this opinion led to the formation of 
a screw having an entire^ or more than one, convolution 
about the axis; but the supposition is erroneous, and 
so much the more as the screw revolves on its axis with 
greater velocity. 

28. The most effective part of a screw-blade is that 
which is near the periphery of the spiral^ and the action 
of any part on the water becomes less as the part is 
nearer tiie axis or spindle. Sdenco has, however, as yet 
done little in investigating the propelling properties of a 
screw in water ; and the mtricacy of tlie subiect is such 
that the formula) expressing those properties are too 
complex to admit of bein^ practically applicable except 
under very limited conditions. 

29. If the screw were supposed to consist of a feather 
or blade forming two or three convolutions in the length 
of the axis, the reaction of the water on it would bo 
precisely tlie same as on a screw with one convolution 
only in its length, since corresponding parts in each of 
the two or three portions are in corresponding positions 
in the water, and all are in action at the same time. 
Tlic water between the posterior part of one turn of the 
blade and the anterior jxirt of the ncxt^ towards the 
stem of the ship, is nearly quiescent, the water at 
the ]x>sterior surface of the last turn of the blade alone 
receding ; and there appears to be no foundation for 
the opinion that the water between every two turns of 
the blade is made to revolve with the screw, or even to 
be in any state of commotion. 

30. Experiment soon showed that, when the length 
of the screw was diminished so that the feather had 
successively three-quarters, one-half, and even less 
than one-third of a turn in the length, there did not 
appear, with equal enjnne-power, to be any diminution 
in the speed of the ^ip. This apparently anomalous 
circumstance caused at first much surprise, and the 
cause of it is not, even now, free from uncertainty; 
but the explanation, for which the author is indebted to 
Mr. Lloyd, Director-General of the Steam Department 
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at the Admirallhr) is the most satisfactory that has yet 
been offered. This gentleman supposes a screw, whoso 
blade makes one complete turn only in the Icn^h, to be 
divided by planes all perpendicular to the axis of the 
screWy and at small intervals from one another, so that 
the sturface of the screw is divided into a great number 
of sectoral or fan-like areas oblique to the axis, and 
following one another in succession from one end of the 
screw to the other. Now, the water in which the screw 
turns being supposed at rest, a vertical lamina of water, 
. which is acted upon by the first of these sectors, is, by 
the pressure of the praterior surface in the I'cvolution 
of the screw, pressea with a certain force towards the 
u/ter-part of the screw ; the water thus receding is 
acted upon by the second sectoral portion of the screw 
in its revolution, and impelled cifncard^ but with less 
force than before, on account of the retiring movement 
of the water : a part of this water is acted upon by the 
third sectoral portion of the screw in its revolution, and 
still impelled o/V, but with a force further diminished by 
the greater retiring movement of the water, and so on, 
to the end of the screw. 

31. Thus, the pressive force of the screw on the water, 
andf consequently, the reaction of the water, by which 
the ship is propelled forward^ go on diminishing ; and 
the sliv^ or recession of the water, goes on increasing 
with tne length of the screw. The diminution of the 
pow«r of motion on this account is probably very small 
when the velocity of the screw's rotation is small ; and, 
in that case, an entire screw with one turn in its length 
may have some advantages ; but, when the velocity of 
rotation is great, it is probable that the propelling power 
of the a/i(er>part of the screw becomes so small as to 
permit its removal without diminishing in a sensible 
degree the speed of the ship ; in fact, experience has 
shown that, with high velocities of rotation, one-third 
or one-fourth of an entire convolution of the blade is 
sufficient to produce the full effect of the moving 
power. 

32. In what has been said it is supposed that the water 
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lias immediate access to the screw, and that the particles 
pressed by it are free to move afttoard ; but neither of 
these suppositions is correct. From the position of the 
screw, in an apertiure close under the ship's counter, 
the water, whicn is divided by the body of the ship, 
subsequently flows obliauely towards the screw; and, 
again, the water, after oeing pressed by the screw, is 
broken by the stem-post and rudder, where, being 
arrested, part of it is forced forward in the direction of 
the ship's motion : on both these accounts the power of 
the screw must be in some degree modified ; in some 
cases, indeed, the slip has been found to bo negative, 
that is, the actual speed of the ship has been greater 
than the theoretical speed, or that which is due to tlio 
power of the engine. 

33. From such considerations, and from repeated expe- 
riments, it has been determined that the best form 
which can be given to a screw is that of two halves 
of a spiral feather, placed on opposite sides of the axle 
of the screw in reverse positions : these, while tliey 
occupy only half the space in length which they would 
otherwise, require, are found, with equal surface, more 
efficient than the continuous spiral formerly in use. 
Screws with three blades or fans have been tried, but 
it has been ascertained that they have no advantage 
over those with two blades. 

The two sectors, or fan-shciped blades, composing the 
present screw, have generally what is called a unifoim 
piteh ; that is, they constitute two equal and similar 
ngures, one on each side of a plane perpendicular to the 
axle and bisecting the length or piten of the original 
screw, supposed to be of one complete turn : each blade 
occupying exactly half that length. But some screws 
have been made which occupy much less of the length, 
and with what is called an increasing piteh : thus, imagin- 
ing a vertical plane perpendicular to the axle to divide 
the whole piteh in the ratio of 11 to 12, the forward fan 
occupies half the shorter portion and the aftward fan 
half the longer portion ; conse(][uently, the extent of the 
interval between the extremities of thh two blades, if 
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measored on a lino parallel to the axle, is half the 
entire pitch of the complete screw. This is Mr. Wood- 
croft's constmcfion : in that of Mr. Atherton the two 
fans are equal and similar to one another, but each is 
formed so that the parts about the axle are portions of 
Bpiralsy of smaller pitch than those of the parts about 
the extremities, the pitch increasing gradualijfi'om the 
axle towards the penpherj. 

34. ' In a manner similar to that which has been used in 
finding the propulsive effect of water on a common 
paddle-wheel, majr be found the effect of water on itib 
olades of a screw in giving motion to a vessel. Thus, 

let CD be a horizontal 
^ line parallel to the keel 

of the ship or to the 
screw-axle, and let Z C 
be at right angles to it in 
a plane passing through 
C 1), perpendicular to the 
radius or arm of a screw 
blade ; also let A B in the 
same plane be. the inter- 
section of the plane with 
the anterior surface of the 
blade. Imagine AB at 

})resent to be a straight 
ine; and let it be ob- 
served that the vertical plane in which any point, as 
C, in A B revolves about the screw-axle is perpendi- 
cular to that axle, and to the horizontal line C D. 
^ Now, let the velocity of the point C, by the revolu- 
tion of the screw-blades about the screw-axle, be repre- 
sented bv y, and be supposed to act in the direction 
ZC; and let the horizontal velocity of G, by the for- 
ward movement of the vessel, be represented by Y\ in 
the direction CD; also let the angle ZCB=:d: then 
ZCD being a right angle, V cos. is the velocity of 
the ship resolved perpendicularly to A B, and Y sin. 
is the velocity of the blade also resolved perpendicu- 
hAj to AB;*conseqiiently Y sm. d-T cos. 6 repre- 
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sents tho relative velocity of the paddle and ship in the 
same direction. It follows that (V sin. d— V cos, ©)• 
Y COS. 6 expresses the efficient momentum of the water, 
in the horizontal direction, in propelling the vessel. 
Bepresenting Y' hy n Y, the expression becomes 
V* (sin. — ji 008. ey COS. 0, 

and this quantity is to be a maximum. 

Making its di£ferential ciqual to zero, and reducing, 
we have 

taiLOsy ± i(9»« + 8)». 

Assuming Y'=|Y, or n=^, we have d=67® 57* or 
139° 27'. 

When the angle ZC B (=d) is 67° 67', the motion 
of AB, resolved vertically, is upwards, or towards 
Z; in the other case the blade has the position 
. A'CB', and its motion is downwards.' If n were 
diminished, the first value of would become less : now 
the. velocity of a point, as C, on the blade being 
greater as it is farther from the screw-axle, the value of 
n bcinff then less, the value of the an^le ZCB would 
be diminished ; which shows that A B, instead of being 
a straight line, should be a curve such that a tangent 
to it at any point should make a smaller angle with a 
line perpendicular to the radius of the blade, than is 
made by a tangent at a point nearer the screw-axle. 

35. A propeller, whether it be a wheel or a screw, 
should be so constructed and applied as, by its action, 
to disturb the water as little as possible in directions 
which do not tend to propulsion. This condition, as 
already observed. Art. 14, is very imperfectlv fulfilled * 
in the common radiating paddle-wheel, the ooards of 
which being fixed in the direction of radii, press the 
water down in entering, and raise it in emerging. A 
considerable portion of the force of the engine is thus 
absorbed, ana there is formed a negative wave, which 
is attended with a vibration of the vessel. 

36. These defects have been somewhat obviated by 
an invention which was patented by Mr. Galloway in 

2 
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1829, by which the paddle-boards are made to turn or 
feather^ €0 as to enter, pass through, and emerge from 
the water in positions the most advantageous for pro- 
pelling a vessel with less of the vibration and loss of 
power which arise from the action of the radiating 
paddles. The machinery on each side of the vessel 
consists of two wheels, both of which are affixed to the 
main axle, but are not concentric, and the feathering 
motion of the board is produced bv affixing a short arm 
to one face of each paddle-board at an angle of 120 
decrees with its plane, the boards turning on horizontal 
axles, which pass through the extremities of the radii 
of one of the two excentric wheels. A rod is connected 
at one. end, by a joint, with the extremity of that short 
arm, and at the opposite end, also by a joint, with the 
excentric part of tne axle. By the revolution of the 
double wheel the rod makes a constantly varving angle 
with the short arm which is attachea to the paddle- 
board, and this causes a corresponding variation in the 
angle which the paddle-board makes with the radii of 
the wheel, so that by a due adjustment of the length of 
the rod the board is made to enter and leave the water 
at an angle of about 30 degrees with a vertical line, 
this being the anele at which, in general, the reaction 
of the water acamst the board is the most favourable 
propelling tne vessel. 
37. This improvement has tended greatly to increase 
the speed of paddle steamers, and the best sea-going 
vessels are now fitted with feathering paddles. Sucn 
paddles have been applied to her Majesty's yacht, ' Vic- 
toria and Albert,* ana others ; and they are particularly 
applicable to that description of vessel, as well as to 
packets, which are employed in short passages, and in 
which the load-line, or draught of water, does not 
much vary ; but for vessels employed on foreign 
voyages, and particularly for ships of war employed 
on cmian^ services, which are necessarily of consider- 
able duration, they &re not convenient : vessels so em- 
ployed being at first deeplv laden, and subsequently 
moeh lightraed, it would become necessary to have 
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recourse to the difficult and scarcely practicable opera- 
tion of reefing the paddles.* 

When paddles are deeply immersed, as in vessels 
heavily laaen, their action is materiall;^ impeded, and a 
great part of the power of the engine uselessly ab- 
sorbed. On the other hand, when vessels are too 
lightly laden, the paddle-boards do not take sufficient 
hold of the water, and the slip is consequently greatly 
increased. In the former case, when the greatest effort 
is required to be made to overcome tne increased 
amount of resistance to the motion of the ship, the 
effect of the paddle is impeded by the greater body of 
water which it has to lift up in rising through the 
water, and hence the numerous contrivances for reefing 
paddles. To these evils must be added that which 
arises, when there is much swell, from the rolling of 
the vessel ; one paddle being too deeply inunersed, and 
the other not sufficiently so, and sometimes not at all. 

38. The injury done to the stem of a ship by the shake 
of the screw is a result much to be dreaded in a general 
use of that implement, whatever its advantages may be 
in other respects, and a sufficient number of experi- 
ments have not yet been made to ascertain the effects 
of long-continued screw-propulsion at full speed. Such 
experiments should therefore be made and continued 
d ToiUrance with all classes of vessels, more particu- 
larly steam-frigates, block-ships, and the first ships of 
the line fitted with screws. There are indications that 
the results may not be satisfactory, and, if so, it should 
be seen by what means this defect may be obviated. 
The screw is no doubt preferable to the paddle-wheel 
as a propelling implement; the defects now under 
notice anse only from its being placed in the dead 
wood, where it is subject to the cross strains it receives 
in passing through a body of water in a state of pertur- 
batipn. 

* In tho triAls of the * Basilisk' and ' Niger* (Art 54), tho poddies of the 
former were reefed several times according as she became lighter; hot this 
was found so inconvenient that she was ordered to retain them as fizod 
rektiveljr with hot mean immersion. 
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39. If the water reacted upon the screw of a steamer 
precisely as a nut reacts against the threads of a 
screw which works into it, the vessel would move 
through a space equal to the pitch of the screw in the 
time that the latter makes one revolution on its axis ; 
but such speed is not realized in practice, first, on 
account of the recession of the water (the slip^ from 
behind the screw, after being acted upon by the latter ; 
secondly, the water in advance of the screw is not free 
to fill the void caused by the recession of the back- 
water, but arrives at the face of the screw in a dis* 
turbed state, in consequence of the displacement at the 
bows of the vessel, and the subsequent convergence 
towards the after part ; thus producing cross actions and 
strains upon the blades of the screw, and forming an 
eddy round the stem of the ship, all of which affect 
considerablv the propelling action of the screw. If the 
screw could be placed out of the vortices of this body of 
water, no doubt an important improvement would be 
made in screw propulsion. 

40. Steam propulsion cannot be well combined with 
that of the wind in paddle-propelled vessels. In the 
first place the funnel prevents the use of the main- 
sail, as stated in the report of the trial between the 
* Bevnard ' and the * Plumper/ Again, when the 
wind is abeam in a breeze of considerable strength, 
the lee-paddle is too much, and the weather-paddle 
too little, immersed to be efficient; and in a strong 
breeze, a vessel will go faster before the wind with 
her sails alone, or with her steam alone, than with 
both combined. In fact the sails can scarcely be used 
imless the paddle-wheels are disconnected from the 
engine, and this process, as well as that of connecting 
them again, is very difficult The expedient of re- 
moving some of the paddle-boards, and turning into the 
water that part of the wheel which is thus dismantled, 
is a tedious operation, and might be extremely detri- 
mental in a war-fiteamer» whidi should ever be pre- 
pared to put forth all her power. The screw, on the 
eoQtnry, may be disconnected with great facility at 



Steer. L ' DfPBOYSD PADDLS-WHEELB. 43 

any time, and oonseqnentlj screw-propelled vessels 
may sail more and steam less than those nimished with 
paddles ; their steam may thus be reserved for strong 
nead winds or calms, and in emergencies incidental to 
the operations of war. 

41. Feathering-paddles are particularly objectionable 
for ships of war, as they are even more likely to be 
damag^ bv shot than paddles of the common kind/ 
since shot has been known to pass between the spokes 
without disabling, or even touching, an^ part of the 
wheel, which could scarcely be the case if the boards 
were applied on the feathering principle. 

42. Fixed paddle-boards, therefore, continue to be used 
in Her Majesty's service, but thev are of improved form, 
for which a patent was granted to Mr. Field in 1833. 
The improvement consists in dividing the fixed board 
into several narrow slips, which are placed somewhat 
behind each other, with inclinations which correspond 
to the cydoidal curves they describe ; these enter the 
water in immediate succession, and thus permit a great 

Sart of the water, which "would otherwise be forced 
ownwards in the descending movement, and upwards 
in the ascent of the boards, to escape through the 
spaces between. them, while the slips overlapping each 
other in horizontal directions intercept and act upon all 
the horizontal filaments of the fluid, thus preventing a 
certain portion of the power of the engine fix)m bem^ 
wasted. The improvcKi paddle-wheels generally us^ 
in the United States consist of a combination of two or 
more common paddle-wheels side by side, on each side 
of the vessel, and moving on the same shaft or axle, 
the paddle-boards being so placed that each is in a 
position between two boards of the collateral wheel. 
These wheels are of great magnitude, and bein^ 
foimd very eflScient in smooth water, are preferr^ 
to any of the expedients adopted in Europe to ob- 
viate the defects of the radiating paddles.-^(Lardner, 
on the Steam-Engine, p. 496.) 

• M'KinnoQ*B Steam-Warfare, page 221. 
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43. Two instruments ate now generally employed to 
determine the power of a Marine Steam-Engine ; one 
of them shows the expansive power of the steam in the 
^linder, and the otner the force of impulsion in a 
screw-propelled vessel bpr the pressure on the screw- 
shaft in the direction of its length. The first of these, 
called the Indicaior^ consists of a hollow cylinder of 
small dimensions, whose top is open, the lower end being 
fitted to be screwed on to the top or bottom of the engine- 
cylinder ; a stop-cock at the bottom acts as a four-way 
cock, and admits either the external air or the steam ; 
a piston works steam tight in the small cylinder, and a 
spiral spring is attached to the top of the piston, and to 
a fixed cross piece above it, so that this spring, which 
18 contained in a tube affixed to the piston, acts against 
the power of steam which presses the piston up, and 
registers its force. The instniment bein^ screwed on 
that part of the steam-cylinder from which the indi- 
cation is required, and the stop-cock bein^ opened, 
there is a communication between the intenor of the 
steam-cylinder and that of the Indicator. Now if 
the Indicator be attached to the top of the steam- 
cylinder, and a vacuum exist above the piston of the 
latter, die piston of the indicator is, ,bv the atmos- 
pherical pressure above it, forced to the bottom of the 
cvlinder m which it moves; and when the steam from 
the boiler enters the top of the steam-cylinder, to force 
down its piston, the steam entering the lower part of 
the indicator-cylinder presses its piston upwards, this 
motion being retardea by the spiral spring already 
mentioned. To the top of the piston-tube in which 
the spring works, and at ri^ht angles to it, is affixed 
an arm, the extremity of which carries a pencil, which 
by the reciprocating motion of the piston-tube would 
describe on a plane surface at rest a straight line whose 
extremities would indicate the greatest or least elastic 
forces or pressures of the steam in the cylinder of the 
steam engmeduriug each stroke of its piston, but would 
not show the pressore^t any particular portion of the 
•troke. 
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When the indicator is not in communication with 
the cylinder of the steam-engine, the piston in its 
cylinder is held in equilibrio by the equal pressures of 
the atmosphere above and below it. In this state the 
spiral spring is at its greatest extension, and conse- 
quently does not press against the top of the piston. 
The point at which the pencil then stands on the 
straight line is marked zero, and is designated the 
atmospheric point. The line being graduated, the 
divisions are numbered 1, 2, 3, <&c., increasing upwards 
and downwards from the zero point; and when the 
indicator, being connected with the steam-cylinder of 
the engine, is in action, the numbers indicate, in pounds, 
the elastic pressure of the steam ; the upward numbers 
denoting poimds above, and the lower, pounds below 
the pressure of the atmosphere (— 14'75 lbs. on a 
square inch). 

The pencil, however, instead of pressing against a 
plane surface, is made to press upon the convex surface 
of a cylindrical barrel which is turned by some part 
of the machinery on an axis parallel to the piston-rod ; 
it consequently describes a curve of double curvature, 
the figure and ordinates of which indicate by inspec- 
tion the varying elasticity of the steam in the cylinder 
of the engine. 

44. The indicator should be applied both at the top 
and bottom of the steam cylinder, and a mean of its 
measures taken, as the values of the pressure above and 
below the piston are often diflFerent on account of 
difiFerenccs in the lengths of the slides where the steam 
is introduced; also on account of the position of tho 
crank at the time the steam is cut off. The following 
are the general conclusions drawn from the nature of 
the line described by the pencil on the cylindrical 
surfaces against which it presses. 

(1.) If the pencil describes a straight line upwards or 
downwards, the piston is not moving ; but, in the first 
case, the steam pressure in the engine-cylinder is 
increasing, in the other case it is decreasing. 

(2.) If the line is horizontal, proceeding to the right 
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or left handy the steam pressure does not vary ; but, in 
the first case, the piston is descending ; in the second it 
is ascending. 

(3.) If the line proceeds obliquely to the right up- 
wards, or to the ri^t downwards ; in the first case tno 
steam pressure is increasing and the piston is descend- 
ing; in the other case, the pressure is decreasing and 
the piston descends. 

(4.) If the line proceeds obliquely to the left down- 
wards or to the left upwards ; in the first case the pres- 
sure is decreasing and the piston ascends ; in the other 
case, the pressure is increasing and the piston ascends. 

45. The indicator may also be used for ascertaining 
particulars of some of the internal parts of the engine 
without actual inspection ; for example, it may serve 
for the formation of the " slide diagram," in which the 
string that turns the barrel of the indicator is fixed to 
the cross-head of the slide, instead of that of the piston, 
and thus the index shows on paper the various positions 
of the slide. It will indicate it the slides are properly 
set, or leaky, if the steam ports are of the proper size, 
&c &c. &c., for which the reader is referred to an 
interesting work on that subject by Messrs. Maine and 
Brown/ 

The scale of the indicator for high pressure (atmos- 
pheric) engines should be made to extend considerably 
above the atmospheric line, but it need not of course 
go below it. 

When the Russian war steamer 'Wladimir* was 
tried in the Thames in 1848 the average pressure of 
steam on the piston by the indicator was 20*275 ( — 1 
for friction) - 19*276 in each of the two cylinders. Hence 



* TIm leader wfll find a detailed aoooont, fllastmted bj a good cngraring, 
ef Ibis bemtifal iostniment, in a treaUee on the Marine Steam-Engine, and 
alia in a work entitled, *Tba Indicator and Drnainometer,' both works 
mbUdwd bj Ifaine and Brawn. It ia well eaid W thcao writers that the 
Lidieator la, in tba hands of a skilful engineer, to the stoam engineer as the 
aleihoseoM of the physician : disclosing at any instant, and under an J circom- 
s t s B ess>tts aotaal power oT the engine, rercaling the secvst workinn of the 
^iriateMr gilHi, ad detecting minnte defacements in parU SbrnxfUj 
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tlie surface of each piston being 4214 square inches, 
the length of stroke 6 feet, and the number of revolu- 
tions 19 per minute, the indicated horse-power was for 
both engmes. 1122-38 : thus— 

4214 X 19-275 X 6 X 88 _, ,^. 

^^^ - 66l'19foroneongmo; 

consequently — 

561-19 X 2 = 1122-88 for the two engines** 

46. The second instrument above alluded to is called a 
Dynamometer: when employed to measure the pres- 
sure on a screw-shaft, it shows the power of the engine 
to propel the ship ; and this object is obtained by means 
of a lever, simple or compoimd. 

In the revolution of the screw the reaction of the 
water against its surface, supposed to be resolved in 
the direction of the shaft or axle, produces a pressure 
in that direction and, consequently, propels the ship ; 
and its intensity is a measure of the power of the steam 
engine. The end of the screw-shaft presses, through 
the intervention of a pin, against a *knife^gej on a 
lever, which it may be sufficient to consider as simple ; 
this lever is in a vertical position, with its lower ex* 
tremity fixed by a joint, as a fulcrum, to an immove* 
able object {\hQ plomer-block) in the ship. The opposite 
end of the lever is connected, by a joint, with one end 
of a rod in a horizontal position, the opposite end being 

* Tho- following empirical formula is given by Mr. Roughton for oalcnlaUng^ 
with a near approximation to tho truth, the speed of paddle-wlitel tteMMiii 
one of ihe data being obtained from the Indicator :-^ 



cs J i-^ \ ; m which 



V expresses the required speed in knota per hour, 
d B diameter of the steam-cylinder, 
/ m pressure. in pounds by the Indicator, 
s s length of stroke in feet, • 
n a number of cylinders, 
w SB diameter of the wheel in feet, minna ] of the immened parta of 

lowest float-board, 
B = breadth of the ship in feet, 
x> s= drau^t of ditto, minus ^ of b, 
• 8 a a consUnt quantity. 
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attached to a spring balance ; this rod is also attached 
at the same ena to another rod which is parallel to it, 
and carries a pencil. A cylindrical barrel, whose axis 
is parallel to this rod, is made to revolve, with the 
screw-propeller, by means of straps going over pulleys, 
so that tne revolution of the barrel may be made 
quicker or slower at pleasure ; on the convex surface 
of this barrel the pencil traces a line, straight or curved, 
as described in the account of the indicator. 

47. The spring balance is provided with an index and 
a graduatea scale ; and the point at which the index 
stands when the dynamometer is disconnected from the 
screw-shaft is the zero of the scale, and a circle described 
about the barrel in a plane perpendicular to its axis, 
and through this point, is callea the zero line. The 
instrument being connected with the screwnshaft, the 
revolutions of the l>arrel cause the pencil to describe an 
undulating curve on one side of the zero line ; and the 
ordinates of the curve, being measured on a scale of 
pounds formed on the strength of the spring balance, 
give the numbes of pounds which denote the pressure 
of the lever on the spring of the balance ; a mean of 
all these is to be taken, and this being multiplied by 
the number expressing the ratio of the whole length of 
the lever to the distance of the fulcrum from the end of 
the screw-shaft, the product wiU be the pressure in 
pounds exerted by the screw-shaft on the dynamometer, 
and consequently; in the same (horizontal) direction, 
on the vessel. The pressure, in pounds, thus exerted, 
being multiplied by tne velocity of the ship in feet per 
minute, the product will be the number of d3mamical 
units in the effective power of the engine ; and tin's, 
divided b^ 33,000, will express the horse-power. 

The difference, if any, between this last and the 
horse-power obtained by the indicator, expresses (in 
horse-power) the loss of power in consequence of 
friction, resistance, &c 

From the results of trials with these instruments it 
has been found that the speed of a steam vessel varies 
directly with the square root of the pressure on the 
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piston and with the cube root of the horse-power of the 
engine. The useful effect of the engine, meaning that 
wliich remains after deducting the power spent in over- 
coming friction, &c., is supposed to bear a constant ratio 
to the power developed in the cylinder commonly 
called the indicated horsepower. It is further estimated 
that the speed of a vessel varies directly with the cube 
root of the horse-power, and inversely with the area 
of the mid-ship section ; or, directly witli the cube root 
of the horse-power, and inversely with the cube root of 
the square of the vessel's displacement. 

48. The term horse-power, wliere used to designate the 
registered horse-power, gives but a remote idea of what 
the capabilities of the engine really are, and differs 
from the term horse-power as originally iised, which 
showed the actual power exerted by the engine ; it now 
merely serves to estimate approximatively the money 
to be paid for the engine, and by no means shows the 
actual amount of u^orking horse-nower. Mr. Atherton, 
in his work * Steam-ship Capabilities,' shows this to bo 
the case, and proves from a comparison of the nominal 
horse-power with the power actually produced in ten 
packets, that a marine horse-power may be represented 
by a pressure on the piston equivalent to 132,000 lbs. 
moving at the rate of one foot per minute. He there- 
fore proposes to make that the unit of power expressed 
by the word horse-power in all cases, whether nominal 
or effective, as shown by a dynamometer. 

49. Captain Ryder also, m his valuable work *0n 
the Economy of Fuel in Steam-Engines,' shows that 
the known results of working steam expansively at a 
higher pressure than 7 lbs. on each square inch, the 
mechanism of the engine being at the same time in the 
best state of efficiency, should deter engineers from 
using the vague term nominal Iwrse-power. The value 
of that power was, at the time of its introduction, 
obtained from the mean effective pressure in the engines 

. of that day ; but it is far inferior to the^ value deduced 
from the greater and more efficient engines at present 
in use. 
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le circumstances which immediately led to the 
iuction of the screw in the steam-vessels of the 
Bojal Navy were the competitive trials made in 1840 
between the * Archimedes ' screw-ship, wliich had been 
built in 1838, and the wheelnsteamer * Widgeon.* In 
the firstof these trials, four runs of 19 miles, from Dover 
to Calais, and as many in return, during calm weather, 
the 'Widgeon' accomplished the distance on an 
average, in 5' 50'' less time than the 'Archimedes;' 
but in a run to Calais and the return, with a fresh 
breeze and all sails set, the 'Archimedes' accom- 
plished the distance on an average, in 7' 30" less time 
than the 'Widgeon.' These trials were, however, 
far {rem being decisive, and the ships were not well 
matched, as the steam-power of the ' Archimedes ' was 
leas than that of the ' Widgeon,' and her burthen 
greater. In order, therefore, to test the relative values i 
of the screw and paddle, the * Rattler * screw-ship was I 
put in competition with the ' Alecto ' paddle-ship, both 
of which had been built on the same lines, and, in the 
relation of tonnage to horse-power, were considered as 
nearly equal to one another. 

61. The trials were made in the North Sea, in the year 
1845. In five of them the two vessels were impelled \ 
by steam only, and it was found that, whether moving 
in a calm or on a wind, the advantage in speed was on 
the side of the screw-ship in every trial except one. . 
The distances run varied from 34 to 80 miles, and the I 
mean excess of the ' Rattler's ' speed over that of the I 
^Alecto' was half a knot per hour. In the exccp- | 
tional case the 'Alecto' gained half a mile on the 
' Rattler' in a run of about 30 miles. In three other 
trials the two vessels were under sail only, the ' Alecto ' 
imahipping her paddles, and the ' Rattler ' fixing the 
blades of her screw right up and down ; and, in all of 
thesei the speed of the 'Rattler' exceeded that of the 
'Alecto^* as she^ accomplished a run greater in extent 
by four miles in less time than the other ship by 
w 20^9^ a ciicomstanoe which militates against the 
•apposition thai the two ships were equal in qualities 
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independent of 'steam-power. In two trials the ships, 
under steam-power only, were made to tow each other, 
alternately, by the head ; and, on comparing the results, 
it was found that the mean speed of the 'Rattler* 
exceeded that of the * Alecto' by 14 knots per hour. 
Lastly, in one trial, the two ships were connected 
together stem to stem, and the engines of both were 
put in action with their maximum power ; the result 
was still in favour of the screw-propeller. 

62. In commenting on these experimental trips it is 
proper to remark that in heavy weather, and with a 
head-sea, a great deal of power was occasionally lost to 
the * Rattler ' by the screw being thrown quite out of 
the water. Again, the same vessel had, occasionally, a 
difficulty in obtaining steam, a circumstance which may 
have been caused by want of air in the engine-room, 
from some defect in its constraction. The engines of 
the * Rattler * were new, while those of the * Alecto * 
had been five years in use. These trials are stated to 
have afforded .some evidence of a greater amount of 
helm-power in the screw-ship over the paddle-steamer ; 
and this is what mi^ht'be expected, since the screw is 
placed at the stern of the vessel, and its movement must 
cause a powerful stream of water to be forced against 
the mdder. 

63. Some interesting trials were subsemiently made 
between the * Rattler ' screw-ship, and the * jPrometheus' 
paddle-steamer, in which the engines of both ships had 
the same horse-power, and the ships were laaen to 
equal draughts of water, 11 feet 3 inches. The dis- 
tance run was a measured mile in Long Reach ; and in 
these the advantage was in favour of the screw-ship, 

/ whose speed was lOi miles per hour, while that of the 
paddle-snip was only lOJ miles per hour, 

64. In two trials made in the Channel, in 1849, be- 
tween the * Basilisk ' paddle-ship and the * Niger * screw- 
steamer (on board of which at tlie time was tne author's 
son, now Capt. Douglas, R.N.), both vessels under 
steam and sail, the wind being abeam during one trial, 
and aft during the other, the ' Basilisk ' gained over 
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the •Niger/ in the first case, 1796 fatlioms, and in 
the s^bond 3360 fathoms. The next day, botli ships 
being under sail only, and on a wind, the * Niger* 
gained over the * Basilisk ' in one trial 57566 fathoms, 
and in the other 5258 fathoms. 

65. On another occasion the two ships were set to tow 
one another ahead, when, in two trials, the * Basilisk ' 
(paddle) had the advantage ; the rates of towing and 
the oonsomption of fuel being as follow : — 





■irtn«rTWIi«. 


Oouimiptloii of Fuel per Dtf . 


BMiliak 


. 7*65 and 6*0 knots. 


Basilisk . 39 * 6 and 36 * 9 tons. 


Niger. 


. 4-S and 5*63 „ 


Niger . . 52*2 and 53-6 „ 



56. Tlie ships were subscquentlv made to act against 
one another stem to stern ; and m this oi)eration the 
power of the 'Nicer* (screw) was'foimd to be the 
greatest : this vessel drew the ' Basilisk ' at the rate 
of 1'466 knots per hour, while the * Basilisk * drew her 
at the rate of 1 knot only per hour. 

In these trials the * Niger * laboured under many 
disadvantages ; her furnaces and boilers were defective, 
and the valves were frequently out of order. Her 
consumption of fuel was so mrcat that she could not 
steam so far as the * Basilisk in the same time.* It 
18 stated that, whenever the 'Niger* could get the 
steam, she always beat the ' Basilisk.* 

67. The following remarkable exi^eriment, which 
seems at first sight to disprove the supposition that the 
power of the screw is diminished by the eddy, and the 
cross actions of the water on the blades of a screw at 
the stem of a ship, was made by the * Bee * steamer, 
which was furnished with wheel-paddles and a screw^ 
both of which were put in motion by the same engine at 
the same time. In tlie first trial the ship was impelled 
forward (the paddles being a-head and the screw a-stem), 
when the dynamometer registered 373 lbs. in favour 
of the paddles. Aflerwarcb, the vessel was impelled 



• H«€OBMmplioiiQriiiolwataboal6S loiii»whik that oC Un ' Ooialitk * 
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in the contrary direction, the screw ahead and the 
paddles astern; the result was* the same as before in 
favour of the paddles. Little dependence can, however, 
bo placed on this experiment; and the cause of the 
a^eement in the results of the trials is ascribed to the 
circumstance that the paddles required a smaller speed, 
and the screw one much higher, to develope their best 
effects : consequently the screw was always going much 
slower than it ought to go in order to do its work, and 
therefore did not do it faithfully. It should be added 
that the * Bee * is too shallow a vessel for the purpose, 
experience having shown that ships deep in the water 
are more effectually acted upon by the screw than those 
of less draught. 

68. Though in almost every experiment the screw ap- 
pears to have advantages over the wheel in respect of the 
speed with which it moves a ship, the advantages, even 
in this respect, were not sufficiently decisive to obviate 
a doubt whether they might not have been due to acci- 
dental circumstances, particularly to the want of equality 
in the powers of the engines employed, and m the 
moving qualities of the sliips themselves.* To elimi- 
nate these causes of uncertainty it would be necessary 
not only to repeat the trials, but to use greater precau- 
tions in selecting for the trials, ships which might be 
more equally matched. Even were the superiority of 
screw-steamers more clearly proved, it would not be 

S roper to supersede the wheel-steamers entirely. The 
isadvantages of these last, with respect to gunnery 
power, do not exist in vessels intended for mercantile 
and packet service; and for these services large and 
powerful wheel-steamers have been constructed, which, 
roperly armed, would form most important vessels 
br the purposes of war. In making future trials, 
the points particularly to be attended to should be 
the comparative capabilities of the wheel and screw to 
contend with heavy gales, their relative values with 
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* ' Ni{^' and * Basilisk ' were as far as possible sister ships, wiUi the 
nominal horse-power. 

D 
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nespcct to stecragc-power in the shipSy and as auxiliaries 
to the sail. 

59. It is certain that a scrcwy except when the ship is 
small and has much pitching motion, is never exposed 
above water to an enemy^s shot, but it may be doubted 
whether, from the propinquity of the screw to the stem- 
poet and' rudder, the damage the sliip" might receive 
would not be more iniurious than that which would be 
produced by a shot striking a wheel ; the whole stem of 
.a screw-steamer forms a broad target exposed to fire, 
which, supposing good gunnery on the part of the enemy, 
might, by the stem-post being disablea or carried away, 
cause the screw to oe put out of service, and perhaps 
the shaft broken by tne overhanging weight of the 
steerage apparatus. In small screw-steamers, the pro- 
pelling shatt may be made to bear on a collar in the 
main stem-post, instead of passing through it, and 
by this constraction any damage done to the outer 
stempost would not much affect the action of the 
machinery ; but with the larger screws, weighing from 
four to eiffht or ten tons, a bearing on the outer 
stem-post becomes indispensable. It is remarkable 
that, as far as present experience goes, the paddle- 
wheel escapes, in a wonderful manner, the action of 
shot ; and it remains to be proved whether or not the 
stems of screw-ships, in which the rudder, rudder- 
case, trunk, yokes for steering, the inner and outer 
stempost, all lie in close propinquity, will be equally 
fortunate. 

60. In order to avoid the necessitv of a screw-steamer 
going into dock whenever an acciaent happens to the 
screw itself, all tlie screw-ships in Her Majesty's service 
are now provided with trunks or Quadrangular aper- 
tures, through which a screw may do hoisted up and 
repaired, or even replaced bj a spare screw. The 

, trunk at T, fig. 6, p. 85, being in a situation which 
prevents the employment of an ordinary tiller, it 
Decomes necessary to provide a particular apparatus for 
steering the ship ; this consists of a yoke A C B, fi^. 6, 
fixed to the stem D of the radder, to which the requisite 
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motions are given by mc<ins of tackles from the 
ends A and B of the yoke, passing through pulleys 
inserted in a beam astern of it, leading on each side of 
the trunk or propeller-well T, to the steering-wheel on 
the quarter-deck. 

Fig. 6 a represents an elevation of the upper mrt 
of a rudder, and shows the positions of two yokes, E F 
and I K, one on each deck ; one of these is called a 
preventive tiUer^ and is intended to be used in the event 
of the other being destroyed. 

61. Messrs. Maudslay and Field have lately made for 
H. M. S. * Marlborough * a screw with blaaes of the 
ordinary form, bolted by flanges into the central axis, 
the bolt-holes through the flanges being elongated, so 
as to admit of the obliquity of the blades to a vertical 
plane being altered. AVhen the bolts* are slackened, 
the blades may be turned round as far as may be re- 
quired, and the bolts may then be tightened in order 
to fix the blades fast in their altered position. A com- 
paratively slight alteration of the angle is sufficient to 
make a considerable difference in the speed of the vessel, 
and the blades may be set to that obliquity which is 
found under all circumstances to give the greatest 
speed to the ship. The peculiar advantages of this 
description of propeller are as follow : — 

1st. — To enable a vessel fitted with it to proceed 
under canvas alone, without the necessity of the screw 
being raised out of the water, and without the immer- 
sion of the screw offering any resistance to the onward 
progress of the ship. 

This is accomplished by placing the faces of the 
blades fore and aft, in a vertical plane passing through 
the keel. 

2nd. — An alteration of the angle of the blades at 
pleasure, to suit the varied circumstances under which 
the screw may bo employed, which is of especial advan- 
tage in lon^ voyages, when sailing and steaming are 
combined ; it also admits of a ^reat saving in the con- 
sumption of fuel, and a high rate of speed being 
maintained. 

p 2 
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By nltering the angle of the blades the screw may 
be made to advance through the water with greater 
facility, and with a reduc^ number of revolutions 
on its axis : thus following up the speed obtained b^ 
the ship under canvaSy and using the engines as an auxi- 
liary power only. 

The alterations in the position of the blades may be 
effected in a few minutes, from the deck, by mechanical 
means, while the vessel is under way, by one man, and 
in anv weather. 

Whatever the comparative advantages or disadvan- 
tac^ of the paddle and the screw, applied to the pro- 
pulsion of ships of war, may be, the screw possesses so 
many advantages over the paddle as to give it a decided 
preference for general purposes. 

62. The screw admits of a better, stronger, and 
more simple form of vessel. Relieved of the paddle- 
boxes, the screw-propelled vessel is far less acted 
upon by head-winds, and less subject to the heavy 
rolling motion occasioned and aggravated by the 
oscillations consequent on the top-weights on both 
sides of a paddle-wheel vessel when the boxes receive 
the impulses and surges of the sea — such oscilla- 
tions being highly unfavourable to gunnery. The 
screw is uttle affected by alterations in the trim 
of the ship, it is very nearly equally effective at all 
depths of immersion, and if entirely submerged, it 
mav be driven by the direct action of engines placed 
so low in the vessel that both the moving power and 
the propelling machinery are safe from the damaging 
effects of shot : the screw allows more freely the use of 
sails, and consei^uently enables the vessel to which it is 
applied to retain her faculties as a sailing-ship in a 
much higher degree than paddle-wheels ; it admits of 
coDsideraDle reduction in the beam or breadth of the 
vessel, which, besides other advantages, is an important 
consideration in the economy of space, in a basin or in 
dock, and with respect to the magnitude of the flood- 
gates throufi^h which it has to pass. To which advan- 
tages may be added, that the decks of screw-propelled 
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vessels are wliolly available for broadside armament^ 
and admit of full gunnery-power being retained. 

63. But the screw-propeller, to be effective, requires 
that the shaft be driven with great rotatory speed to 
enable it to put forth its maximum power. To effect this, 
** gearing " or bands, and the drum, have heretofore been 
much resorted to in order to multiply the revolutions of 
the propelling shaft, but both have been found inconve- 
nient. The slip of the band in the experiments with the 
'Rattler* amounted to no less than 2*7 per cent. ; and 
the inconvenience of gearing consists m the impossi- 
bility of placing the machinery below the water-line.* 

For these and other reasons, engines acting directly 
on the cranks of the propelling-shaft have been intro- 
duced, and will, no doubt^ be generally employed. 

In Penn^s engine, oscillating cylinders have direct 
actions on the piston-rods, by which means the cross 
strains produced by fixed cylinders on the rods are ob- 
viated. 

64. But direct action is not without its disadvantages. 
In conseauence of the increased velocity given to the 
pistons, the diameter of the cylinder is made less than 
the usual standard, and the steam and eduction passagtes 
are unusually large in a condensing-engine. liie limit 
to the velocity at which the pistons may be worked is 
determined by the velocity of the water drawn out by 
the air-pump ; and it appears that a velocitv of 110 to 
120 feet per minute — the maximum allowed according 
to Boulton and Watt's standard — is the greatest that can 
be given to the pump with safety. When the velocity 
of the water exceeds this, the airpump-bucket commu- 
nicates to the water a series of blows, the shock of 
which is very destructive to the material, the valve 
strikes hard, and the end of the screw-shaft is thrown 
upon its collars with great strain to it and to the piston- 
rods. Various appliances have been tried to diminish 
the violence of the shocks to which the water is sub- 
jected, but, with fixed cylinders, notliing to remedy 

' • The engino now drives the Rorew wiUioui eitLer dram or gearing. 
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the Btrains on the piston-rods acting directly on the 
cranks of the propelling-shafts has been discovered; 
and^ for this reason, oscillating cylinders, such as were 
Qsed many years ago for padale-wheel vessels, are now 
generally applied, for the direct action, in large steamers 
of war. 

Another disadvantage in the screw, which it has not 
been found possible to remove, is the heat caused by 
friction when the number of revolutions made by the 
shaft per minute amounts to 60 or 70 ; the weight of 
the screw bein^ from three to four tons, and in large 
ships six to eignt tons, that friction becomes very great. 

65. Among the anomalies in steam navigation which 
practice has exhibited, may be mentioned the fact that 
screw-vessels, though full m the quarter, steer remark* 
ably well, contrary to what is observed with sailing 
vessels and with wheel-steamers — a circumstance which 
is caused by the current of water from the screw 
acting on the rudder with considerable force. To the 
same cause must be ascribed the fact that screw-vessels, 
even with full after-bodies, have, in general, less slip 
than other vessels. In the experimental trials made 
by H. M. S. * Plumper,* the slip was found to be nega- 
tive; that is, the water aft of the screw, instead of 
receding from it, moved towards it, thus increasing the 
screw's power of giving motion to the vessel. In 
eleven trials made by that ship, in running a measured 
mile in Stokes Bay, the speed of the vessel always 
exceeded that which should be given by the power of 
the engine by *7 knots per hour on an average, the 
screw making from 83 to 115 revolutions per minute. 
In going iead to tcind^ the slip of the screw has been 
thought to increase in a higher ratio than that of the 
paddle-wheel, but the experiments have not, as yet, been 
sufficiently numerous ana precise to determine this point. 

66. A screw-vessel clean in the run is apparently the 
most advantageous. The 'Dauntless,' steam-fngate, 
when tried in Aueust, 1848, in running a measured 
mile, bad a meed of 7*36 miles per hour. Subsequently 
an additional length of eight feet at the stem was 
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given her, in order to carry the rudder farther out of 
the eddy ; the speed was found to be 10*266 miles per 
hour ; the vessel being under steam only in all the trials. 

67. The relative consumption of fuel in steamers of 
different kinds is a subject of very great importance, 
and, in any one steamer, it is found to vAry with the 
vessel's draught of water and with. the cube of its 
velocity : consequently, when a high speed is obtained, 
the consumption will be very great, a double velocity 
being produced, cceteris paribus^ by an eight-fold quantity 
of fuel. Hence it follows that when the necessity of 
the service does not imperatively require great speed, a 
due economy would be obtained by Keeping the vessel 
as much as possible at a low rate of motion. The 
minimimi speed of steamers is seldom lete than 3 miles 
per hour ; a less velocity would require the power of 
the engine to be so far diminished that it would scarcely 
turn the shaft. 

68. It is now proved that, in steam navigation, a 
greater amount of locomotive power is obtained by 
means of the paddle-wheels than oy means of the screw, 
with an equal consumption of fuel : of the two kinds of 
vessels, when moved by steam only, one with paddle- 
wheels can, therefore, keep the sea a longer time, or 
perform service of longer duration, than one of the other 
kind ; but the advantages are on the side of the screw 
when steam is used in both, in conjunction with, or as 
an auxiliary to the sail. 

69. If two steamers equal in every respect, except that 
one is equipped with paddle-wheels ana the other with 
a screw, are moving under sail only, with equal ve- 
locities, any required increase of speed will be obtained 
from steam with less expenditure of fuel by a screw, 
than by a paddle-wheel ship; and the fact may be 
accoimted for by considering that the water on which 
a screw acts being under the stern is almost in a state 
of rest relatively to the ship, whereas, along the sides, 
where the wheels act, it is virtually receding at a rate 
equal to the ship's movement; and consequently a 
greater number of revolutions of the wheels than of the 
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screw, in a given time, must be made in order to obtain 
an eqaal increase of speed for the vessels. 

70. Economy of fuel mav be gained by working steam 
very expansively. But the expansive process cannot 
lon^ be continued; inasmuch as the expansion is at- 
tended With diminished pressure, which causes a diminu- 
tion of speed ; and therefore the economy does not exist 
when a given distance is to be run in a limited time. 

71. In experiments made by the 'Bee,' which was 
fitted up to work either with screw or wheel, 42 re- 
volutions of the screw only produced a velocity e^ual 
to 6*8 miles per hour, while 40 and 41 revolutions 
of the wheelnsnaft piroduced a speed of 6*8 and 7*5 
miles per hour respectively ; the consumption of steam, 
and consequently of fuel, being proportional to the 
number of revolutions of the shafts. Likewise, in the 
trials between the * Rattler * and the * Alecto,* where 
the advantage of speed was in favour of the former 
ship, the revolutions of the screw were, to those of the 
paddle-wheels, in the ratio of 24 to 19 very nearly, and 
the consumptions of fuel were, of course, in the same 
proportion. 

72. It is evident that^ when the obiect is to attain a 
given distance, steam may be worked expansivelv, 
with different degrees of expansion according to cir- 
cumstances : with a given increase of time an economy 
of fuel may be obtained by a greater space for expan- 
sion ; and conversely a given diminution of time may 
be obtained by less space for expansion, which would 
require an increased consumption of fuel. 

73. Till very recently, no public experiments were 
made to ascertain whether or not the form of the 
screw, in its outline, was susceptible of improvement. 
The blades, or fans, of the common, or Admiralty 
screw, are of the kind represented bv M A B G II N , 
fig. 4 ; but, about two years since, the author made a 
series of tnals with the view of discovering a form by 
which the skale of the screw, and the consequent 
injuiy to the stem of the ship, mentioned in Art. 38, 
might be obviated. He perceived that the vibrations 
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were caused by the sadden and violent reactions of the 
water at that place agaipst the blades of the screw as 
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they enter and emerge from thence.* The rectilinear 
edges A B and G H, fig. 4, of the ordinary screws^ 
are, in this respect, highly disadvantageous, since the 
whole of an edge enters and leaves at once the water 
on each side of the aperture ; within which aperture the 
water is (Art. 32, p. 37) comparatively in a quiescent 
state : tlie author therefore concluded that if the leading 



* In consequence of the metal covering of the Krew-shaft breaking 1oo0e on 
board the ' Royal Albert,' during her passage from the Black Sea to Malta» in 
1855, by which the tubing in the stem-post was torn away, and i^t gland and 
stufBog-box were forced off, so great a quantity of water rushed into the ship 
that it was necessary to lay her aground in order to prevent her from sinking 
in deep water. A similar accident occurred to the Peninsular mail-ateamer 

* Alhambra,* in her hist voyage ; the stuffing which closes the orifice at the 
stem of the ship, through which the shaft is connected with the screw, got 
away, and let in so much water as to render it neccssaiy to keep the pompa 
going during the remainder of the voyage. Besides the severe and well nigjh 
iktal catastrophe which happened to the ' Boyal Albert,* the * Creasy/ 

* Ck>lo6sut,* and many other screw steam-ships of the line had beoome ari 
leaky in the after |iart of their dear rtins, through the caulking bdlng 
loosened by the constant tremor and vibration occosioueil by the screWy as to 
require to be taken into dock. 
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comers of screw-blades were removed anA the edges 
curved, as A' p B, GpS, they would slide obliquely 
and continuously through the water, like a ^crew 
formed with an entire feather, so that, at no moment, 
would there be any shock or discontinuity of action. 
The curved edges have, besides, the advantage of 
readily throwing off any floating materials that may 
come in contact with them, and are not so liable to lio 
broken by their oblique collision with large spars, as 
straight edges are by their direct blow ; while the 
angular parts of the common screw are far more likely 
to oe hitched by ropes than the rounded extremities 
of the other. If these curv^ed parts could be furnished 
with sharp knife-edges, partlv notched like saws, and 
msAe of a metal capable of resisting the corroding 
effects of sea-water, or could be frequently removed 
and cleaned, they would be capable of dividing any 
rope, spar, or other floating matter, like a powerful 
circular saw. G D represents the stempost of a screw- 
steamer, B G the boss of the screw ; and the direction 
in which the screw revolves is according to the order 
ofthelettersM ANH.* 

It will be easily understood that, until such a form 
shall be given to the screw as that it may exert a con- 
tinui^ of action, it will be in vain to expect that shocks 
should cease to take place, and the form here recom- 
mended would, to a considerable extent, gain the pro- 
posed ends. The curved edges hip p\ fig. 4, enter the 
water very obliquely* so that their several jmrts from 
B to^ and from G to p meet it successively, and thus 
very little concussion, which is further diminished 



• 71» dolled Um A pp' U* wiU tbow thai, with hladct lo formed, there u 
a CQOtnttilj oC adioii oo the wmter, though the screw itaclf be divided into 
twaptrta. 

TW 9tnm firoiieUer mtenled by Mr. Qriffitht in 1S40, the Uadfi of which 
aii attdi of a tftiMfing lonn, at shown in fig. 4a, page 61, has tome advantaeea 
after tha cidlnaiy Admirallv expanding blade— tha aperture in which itworiti, 
aad IIm trvak to which il b lifted, being of mailer dimcneiona than are 
required for iba aniandinf Admiralty blade; bal there ta no doubl that the 
lB|icriH Cbtm of Ibe GrilBlLa bladca ia the caoee of a ernsiUe diminnliun 
aftbapvopelling power. • 
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by tlio author's recommendation to have those leading 
edges chamfered ; while the cornel's at A and A' being 
roundedy not only allow any obstacles which the blades 
may meet with in their revolution to slide off, but also 
cause the centre of the pressure exerted by the water 
against the surface of each blade to fall near the axis of 
the sci'ew's revolution, and consequently render the 
strain less upon the axle ; on both accounts, the vibra- 
tion at the stem of the ship, caused by a screw thus 
formed, must be much less than that caused by one of 
the common kind. 

The curved lines in the above figure being traced 
within the straight lines A B, G H, which represent the 
edges of a common screw, it follows that a screw so 
formed will be of a somewhat diminished breadth. This 
diminution, however, is not so great as to cause any 
sensible loss of propelling power ; and, if this were the 
case, the inconvenience might be obviated by increasing 
the breadth of the blade near the outward extremities^ 
which could be done without making the weight greater 
than that of the ordinary screw ; and, whatever be the 
form of a screw, its weight should not be greater than 
is necessary to ensure sufficient strength. The screw 
of a large ship weighs from 8 to 10 or 12 tons; and, 
when a ship pitches much in a heavy sea, the screw is 
sometimes nearly out of the water: in this case, the 
resistance being taken off, the screw revolves with such 
rapidity as to endangpr the stability of the whole ma- 
chinery, as often happens in merchant-steamers forcing 
their way in long voy^ages against adverse winds and 
heavy seas. To provide against this evil — and the sub- 
ject concerns as much the mercantile as the warlike, 
navy of the country — the blades of the screw, and con- 
sequently the aperture in which it works, as well as the 
trunk through which it is occasionally drawn up, should 
be as much as possible reduced, and also the parts of 
the ship about the stem should bo much stren^hened^ 
to enable them to resist the great strains to which thev 
are liable. That this should be done effectually is 
plainly an affair of the highest national importance^ 
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74. Such is the form of screw for which the autlior 
obtained a protective patent^ which is dated 17th 
November, 1858. At different times, between 1849 
and 1858, Mr. Griffiths took out three patents for 
screw-propellers, in all of which the blades taper 
towaras the outward extremities, as shown in the figure 
marked 4 a (pa^ 61) placed in juxtaposition to fig. 4 
of the Admiralty blades with the leading comers 
removed as proposed b^ the author. This screw may 
have a certain convenience by allowing the aperture 
in which it works at the stern of the ship, and the 
trunk itself, to be of smaller dimensions. 

Mr. Griffiths having — in a letter addressed to the 
Editor of the 'Times,' in August, 1859, in reply to an 
editorial article on 'Screw-Propellers and their im- 
provement* which, in common with several other 
journals, awarded to the author the credit of being the 
original proposer of that form of propeller — asserted 
that the screw proposed and patented by the author 
in 1858, was **otlier pjeoples property,*' diagrams 
of both are placed in juxtaposition in page Gl, so 
that the reader may, at a c^lance, be convinced of 
their utter dissimilarity. This assertion of Mr. 
Griffiths will, therefore, probably be thought unde- 
serving of serious notice ; but tne author, unwilling 
that so great a misrepresentation should remain un- 
contradicted, obtained from a well-known professional 
gentleman highly conversant with these matters as a 
referee, and recommended to him by the highest legal 
authority in this country, the subjoined Opinion^ on 

■ ** O/wmh m Sir Uounrd lkmgla»*$ Claim to ikt Inventiom f/ the Imprwfed 

Sartw Propeller, 

** I hftTe rtrj outMXj eximiDed into Uie diiim made bj Gcnend Sir Howard 
Do«giM in re^rd to hit bdng the fint to devise the ecrew-piopelkr blade ol 
the Dartioolar fonn shown and deseribod at pajse 61 of his work on ' Naval 
Waiws with Steam.* Ihii proficUer bhule oonsista in a modi6cation of tbo 
Admifiliy scww ^y ropeHcr, each bUde of which was Ibrmcrljr made of about 
«»«bcth of a helix or complete screw, with the forward or leading edge, and 
also the aflcr^dgs, perpendieolar to the shaft ; oooseaocntly such a blade in- 
wsasud in width the farther il prooeeded (mm the axis, and wm widest at its 
ovterflsesa en^Bft or neritinnnf* 

* Sir liowaid Diwgias^ as I mdrritand his chim, alters this rfopeller Made 
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the author's claim to the invention of the improved 
screw propeller. 

The author was careful to examine all patents that 
had been obtained for improvements in Fig.4&. 
screw propellers, and in particular Mr. 
Grifiiths's patents of 1849, 1853, and 
1858, now before the author, and he acted 
under legal and engineering advice in 
taking a protective patent, which did not in 
any way interfere with any previous patent. 
In the patent of 1853, Mr. Griffiths 
retains blades of the same tapering shape 
as in the patent of 1849 ; he fixes the 
shanks of tlie blades in the boss (fig. 46), 




in respect to its leading or forward edge only ; and ho does so by removing 
parts of siich forward edge, so that, in nlaoo of its being a straight line, ho 
makes it into a convex curved lino ; ana ho leaves the sXter-edgo of tho blade 
as heretofore. 

" if tho above be tho correct expression of Sir Uoward Douglases claim, I 
am clearly of opinion that he was the first to devise and publidi that particular 
form of screw propeller ; and I am further of opinion that, whatever be the 
advantages which may arise from tho use of that propeller blade, to Sir 
Howard Douglas will be due the merit of having originated it. 

" I am intimately acquainted with Mr. QrilTiths s screw-propeller blades ; 
and I can only imagine tliat that gentleman, when ho wrote the letter to the 
'Times* now8na{ier on the 30th August last, was uninformed of the precise 
nature of Sir Howard Douglas's claim, or ho would not have fallen into the 
error of supposing tliat Sir Howard Douglas claimed his (Mr. Griffiths*8) pre- 
vious invention. It is of the essence of Mr. Grifiiths*s invention and of his 
patent, that scrow-propeller blades should become ** narrower or tapered 
towards their outside extremities^ in contradistinction to the form hitherto 
udojded of increasing the width of that jxtrt </the Uade^ [see figs. 4 and 4a, 
p. 61]. Now, Sir Howard Douglases propeller blado does go on increasing in 
width as it proceeds outwards from the axis, and it is widest at the periphery ; 
consequently his bUide is the reverse of that invented by Mr. Oriffithis. 

** I would further state, that the giving a convex curved form to the forward 
or leading odge of a screw proneller was not now either to Sir Howard Douglas 
or to Mr. Griffiths, Lowe ana others havinc used and published descriptions 
of screw-propeller blades with curved forward or leading edges ; bnt these iiro- 
pollers differed in other respects both from those of Mr. Griffiths and also Hom 
those of Sir Howard Douglas. 

(Signed) ** William Cabpmael, 

" 24, SouthamtitOQ Buildings. 

•• 27th September, 1859. 

" P.S. Mr. Griffiths has three patents— viz. 1847, 1858, 1858 ; but in all of 
them he retains a form of proiiellcr blade which taners in width towards the 
outer edges ; and in none of his specifications does ne describe a blade which 
lesemUes that of Sir Howard Douglas. 

(Signed) -.W.O." 
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in rach manner as to vary the pitch or inclination of 
the blades; and, to lubricate the mechanism, fills the 
boss with fatty matter. 

In the patent of 1858, No. 319, whilst retaining 
rig. 4e. the same outline of the propeller blade as 
before (fig. 4 c), he pro|)08cs that the front 
propelling surface should incline towards 
the ship ; and shows, by figures 1, 2 and 
3, sheet 1, and fig. 8, sheet 3 of the 
patent (in which the leading comer is not 
removed nor rounded off), the manner 
of constructing a pattern for the formation 
of two such blades. The other parts of this 
patent refer to the manner of changing 
the pitch of the blades, and for unshipning 
the screw-propeller. Neither of these 
patents alters Air. 6riffiths*s case, so far 
as the author's claim goes — there is abso- 
lutely no such blade as the author's shown or suggested. 
This being so, the author would ask this plain 
Question: — Is the screw-propeller blade shown by 
tne diagram, fig. 4, page 61, of this work, within 
either of Mr. Griffithss patents, according to his 
own judgment of his own claim ; and, if so, in which 
patent^ and whereabouts? A candid answer to this 
plain question must be . in the negative, and so settle 
the case. 

The author's patent of 17th November,' 1853, was 
published in all the journals wliich professionally or 
usually notice new patents, and his proposition was 
soon aflerwuds announced in the first e<ution of this 
work ; copies were sent to the principal journals, and 
to aU the Admiralty authorities, and his invention was 
never challenged ; but no sooner had the blades from 
which the leading comers were removed proved their 
mperiority, than Mr. Griffiths claimed priori^ in 
haviDg proposed, in 1849, a blade in all respects 
similar and identical to that which had never, before 
the author's jpinoposal, been thought of. 
If Mr. Griffiths had really anticipated by ten years 
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the author's recommendation that the leading comers 
only of the Admiralty screw-propeller shoiud be re- 
movedy ^ he, Mr. Griffiths, wishes to insinuate, some 
evidence would, within that time, have appeared of the 
advantages resulting from such alleged priority; but, 
until the experiments made on board the * Doris,' here- 
after to be mentioned, no such priority was asserted, 
and, in fact, the Admiralty blades with angular ex- 
tremities remained in all their integrity, in general 
use, until the trials made with propellers from which 
the leading corners had been removed, immediately 
consequent on the publication of the author's work, 
-revealed the evils attendant on that form of propeller. 
But the best evidence that can be adduced against Mr. 
Griffiths's claim to priority is that furnished by himself 
in the specification and diagrams, Plate C, upon which 
he grounded his patent (No. 12,769, a.d. 1849, page 5, 
Article 16), as follows — "And lastly, I claim the 
making of propeller blades narrower or tapered towards 
their outside extremities in contradistinction to the form 
hitherto adopted of increasing the width of that part 
of the blade.'' 

A mere inspection of the figures placed in juxta^xxsi- 
tion in page 61 and of those given in pp. 66 and 66 is 
quite sufficient to show the dissimilarity, or, as Mr. 
Griffiths expresses it, the ** contradistinction" between 
his tapering blades and all other blades, and to dis- 
pose entirely of his claim to priority ; yet he asserts 
that the author's claim to be the nrst to have pro- 
posed the removal of the leading corners of screw- 
propeller blades, is not due to the author, because he, 
Mr. Griffiths, had previously proposed that removal 
in the specification of his patent of 1849. That is a 
truth, but not the whole truth. Mr. Griffiths is bound 
by the specifications and drawings on which his patent 
was obtained to remove both comers of the Admiralty 
blade as a normal, so to reduce his blade to a tapering 
form, in contradistinction, as he declares in the speci- 
fication of his patent, to the form of all other propellers; 
and thus clearly resolves his invention of tapering 
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blades into a class distinct and diametrically opposed to 
all others. He cannot, therefore, restore either comer 
without invalidating liis patent and renouncing the 
flbape of his blades ; thus reversing all the principles 
upon which his patent of 1849 proceeds, by converting 
the tapering blades, whose driving surfaces are nearest 
the centre, into expanding blades, whose driving sur- 
fiu»i are nearest the periphery. 

The propeller proposed by the author is not alto- 
gether of a new shape ; it was designed bv him as an 
improvement on the Admiralty blade. Mr. Griffiths*s 
tapering blade, directly the reverse of the Admiralty 
blade, was designed to condemn entirely all blades ex- 
panding outMrards, and supplant them by his tapering 
blades. 

But Mr. Griffiths will not be permitted to travel out 
of the letter, spirit, principle, and essence of his patent 
tapering propeller, to set up a claim of priority in the 
form of the author's propeller, constructed on the prin- 
ciple which Mr. Griffiths abjures and abandons, and 
he must be held in any iudgment on this case to the 
principles and form so distinctly declared in the speci- 
ncatiou of his patent. 

The author has no wish to deprive Mr. Griffiths of 
any credit that may be fairly his due, or to debar him 
of any profit that may accrue to him as a royalty for 
th^ use of his patent tapering blades, set in a globe 
in the centre of the screw. 

It wiU be. a very unimportant episode in the author's 
life whether he was or was not the inventor of the im- 

Jrovement in the formation of screw-propellers, which 
[r. Griffiths appears to covet ; and if the author had 
no other object in view than to contend with Mr. 
Griffiths on this miserable affair, he would not have 
troubled himself or his readers with this digression 
respecting patent rights, leaving that question to the 
ju^^^ment of the reiser. The author has no patent 
rifl^t to defend. He divested himself of all interest in 
his provitioDal patent by letting it drop. He has no 
•oidid ends to answer. He desires no reward, spurns 
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all profit, and he seeks only the credit of labouring 
gratuitously for the benefit of the service and the 
country. 

But it is of great importance to the author that ho 
should effectually rebut the serious imputations con- 
tained in Mr. (iriffiths*s letter to the Editor of the 
* Times,' in renly to the editorial article which appeared 
in that journal of the 27th August, 1859/ 

» " To the Kfh'forf/ih« « TVmn/ 

•* Sir, — Bt'ing ftlwciii from town, I did not bcc Uic article on • Screir-Pm- 
pcllcrs and ilicir Improvement' in the 'Times' of Ibc 27th inst. until to- 
day ; Mid should not trouble you with this letter, had It not been with tlio 
view of keeping tlie public from being misled as to- the facts connected with 
the alleged improvements of the screw-proiieller by Sir Howard Doaclas. 

" In 1840 I jjxitented my first Improvements in screw-propellers^ which oon- 
•Uted in enbrging the ccutro boss and tapering of the blades towards the ex- 
tremities, in contradistinction to the mocle previously adopted, the edges and 
comers being cun-od in the form claimed by Sir Iloward Douglas. 

** In 1852 a series of experiments were made on Her Majesty*s yadit 'Fairy/ 
with the view of ascertaining the best proportion the blade should be. This 
screw has been in une on Her Majesty's yacht to the present time, and was 
made with the leailing edge in a curvetl form, as sjiccilied in Bir Howard 
Douglas's provisional patent of so nrccnt a date as last year : lie is thus, it 
will bo seen, ho lilieral of oilier ]ieople*s i»roiierty as to offer to the Admiralty 
tliis invention for the benefit of the country, whereas the Admiralty have 
already adopted my invention extensively In Her Majesty's navy. I trust 
you will insert this letter^ in justice alike to myself and the public, as you 
can have no interest in misleading them ; and it may be the means of saving 
much litigation to those interested in the employment of the screw-propcUtT. 
No doubt great credit is due to Sir Howard Douglas for his devotion to those 

Erofessional subjects with which he is supposed to bo so thoroughly oonveraant; 
ut, if I might presume to offer a suggestion to the worthy General, it would 
bo to familiarise himself with what has been done by others, and also to avoid 
being misled by interested patent-agents and injudicious friends. 
'* I am, Sir, your most obedient Servant^ 

«« Root. GniFFmia. 
•* 69, MomingUm Boad, TieytnVs Park^ 

•Mm^. 80, 1850." 
In the course of some remarks made bv the Editor of the * Mechanics' 
Magazine' at the time, on the appearance of the foregoing letter in the leading 
journal, the following observations were made, in addition to a severe censuro 
of the animus displayed by Mr. Griifiths : — 

''On the 27th of August an elaborate article appeared in the 'Tiroes' in 
commendation of Sir Howard Douglases improvements in the screw-propcllf r, 
tlie greater portion of which article was quoted in our columns. Three days 
afterwards, Mr. Griffiths replied in tlie letter of which we complain. Had hit 
remarks been confined to the fact that, in the retrospect of the progress of 
screw-propulsion taken by the ' Times,' no mention had been made of hit 
improvements, we should, of course, have nothing to say agiunst them : nor 
should we, indeed, had ho further stated that in his propellers tlie U&des were 
of a form somewhat rosembling that rooommcuded by Sir llowinL But wIma 

B 
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The author refrains from making any comment on 
tlie animus and the style in which that letter is written 
— ^these speak coarsely for themselves ; but the author 
^^ould earnestly appeal to the reader whether in either 
of Mr. Gri£Biths*8 patents anything can be foimd to 
piove the priority he claims to the invention of a 
propeller of the form proposed by the author, as shown 
in Dg. 4, p. 61. 

The Aomiralfy do not appear to consider that they 
are adopting Mr. Griffiths* spatents, or either of them, 
^^hen using the form of screw-propeller blade with the 
leading comers removed. On the oontranr, they con- 
sider that they are only worldng according to Mr. 
Griffiths*8 patent when using his tapering propeller- 
blades attached to a globe or sphere at the centre of 
the screw, the blades tapering outwards towards the 
periphery; and strictly to this must Mr. Griffiths's 
patent rights be limited. 

75. The form of screw invented by the author, in 
which the leading comers are removed, and the leading 
edges made convex, as shown in p. 61, has been a£ 
mitted by engineers of great experience to have many 
advantages over those which have hitherto been em- 
ployed, not only in diminishing the concussions at the 



llr. GriifiUit hat the boldness to claim, mider his patent of 1849, nrecisclj 
what 8ir Howard has proposed, and further menaces Sir Howard with litiga- 
tioQ if he TCDtnret to iirooeod with his plana, it becomes necessary for us to 
liilbrm the |mblic that Mr. GriflBths is going beyond his legitimate bounds. 

** Mr. OnflSthiTs propeller, and his patents also, are of course familiar to 
«B : bat* fai Older that we might speak with perfect confidence upon Uie sub- 
jsdi we hare taken the pains to refer to the specifications of his patents ; and 
we now say, fai all confidence, that those patents give him no right whatever 
to intarfers with Sir Howaid*8 modification of the Admiralty screw. If he 
thinks th^do, ha is mistaken ; and his threat of legal proceedings anumnts to 
■othing. Bat cren if Mr. Griffiths were iustified, in a legal sense, in thus 
thnateoing the gallant General, one would hare thought that the distinct 
avowal of the * Tunes*— to the eflect that Sir Howard would atedfastly refuse 
aU peconiary inteicst in the matter— would have saved so valuable and aged 
tm offiosr from Mr. Oriffiths*s menace. .... 

* Bal Mr. Griffitha'a want of candour, which few readers only will detect, is 
mmm wane than his want of cood taste, which evenr one must obaerve: for 
8k Howaidml^ hava mad Mr.Oriffitha*a specificatioii over and over idl the 

' of Ids dayii aad Mver hava found oooaaioD to aJtsr or axtMid his 
"' IvWvsapoAthsMmriBthsilightMtdsfrst.* 
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stem of tho ship, but also in giving at the same time 
, an increase of speed, and they strondy recommended 
that a series of trials with this and other screws should 
be made in the different circumstances which arise from 
the varied actions of wind and water. 

In May, 1859, a series of screw trials, considered the 
most important that had taken place since the intro- 
duction of screw-propulsion to ships of war, were 
made, to test the relative merits ana efficiency of the 
Admiraltv common fan-shaped screw and Griffiths's 
iapering-bladed screw, patented by him in 1849. The 
blades of the Admiralty screw consist of a sixth part of 
the whole screw or helix ; the blades of the Griffiths 
propeller are made tapering towards the periphery of 
the circle they describe (fig. 4 a, page 61), the centre 
having a sphere whoso diameter is one-thira that of the 
screw. Thus the driving surface of the Admiralty 
screw lies at the extreme ends of the blades, whereas in 
the Griffiths screw — constructed as he specifies in his 
patent of 1849, in direct contradistinction to the Ad- 
miralty blade which increases towards the periphery— 
the driving surface lies at the centre nearest to ther 
sphere. The first trial with the Admiralty screw was 
with a diameter ofl8 ft. on board H.M.S. * Doris,* when 
a speed of 11.823 knots was obtained. The second 
trial was with an Admiralty blade with a diameter in* 
creased to 20 ft., when the speed was 11.826 knots^ 
with considerable vibration, tho helm 1^ spoke a-port. 
On the third trial the leading comers ot each blade 
were removed as proposed by the author, and in this 
form the common screw so altered attained its greatest 
speed, giving a result of 12.048 knots, with the helm 
holding exactly amidship, and the vibration much less 
than in the previous trials with the full Admiralty 
blades. On the fourth trial both the comers of each 
blade were removed, when, with a greater number 
of revolutions, less speed, viz. 12.012, was obtained 
than with the blade from which the leading comers 
only were removed, as proposed by the autnor; but 
{ke helm had to be kept fully half a turn to port to 

K 2 
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keep the ship in her course. In the last trial the 
** after" comers of the blades were removed, but the 
screw, in all other respects retaining its original form, 
gave a result of only 11.816 knots, with nearly a 
straight helm. The first trial with the Griffiths 
tapering-bladed propeller of 29 ft. diameter, and 32 ft. 
pitch, gave 11.981 Knots, being less speed than with 
the propeller from which the leading corners had been 
removed. Tlie second trial, with a 2G ft 5 in. pitch, 
|rave 12.266 knots, with the helm 21 six)kes a-port. 
The third trial, with a medium pitch, gave 12.ir>8 
knots, with less vibration than on the foiiner trials of 
the Griffiths screw made, on board the * Conflict * and 
•Fairy,' with the helm 2i spokes a-port. The Report 
goes on to say that several important features con- 
nected with screw-propulsion have been proved by 
these trials, which entirely confirm the author's pre- 
vious observations as to the necessity of removing 
the leading comers of the Admiralty pro^x^Uers. 

The results of these important experiments are tabu- 
lated in the annexed abstract, in which the screws 
tried are arranged in the order of merit. 

Inspecting this table the reader will see that the 
Griffiths screws are s{XKnfically n^amed as forming a dis- 
tinct class, contradistmguished in shape, as declared by 
Mn Griffiths himself in the specification of his patent* 
from all other propellers. This classification of the 
Griffiths tapering propeller, distinct from that of the 
Admiralty m all its forms, in an official document, 
proves that the Griffiths propeller was considered by 
the Admiralty as belonging to a distinct category, and 
00 it is considered by all engineers, and specified ac- 
cordingly in all the trials wim ** Griffiths* b paUfit screw 
with kpermg blades/' 

The author, not having access to the Reports made 
of these trials until some time after they took place, 
applied to his friend Admiral Bowles for any in-« 
formation he might have it in his power to com- 
municate on that subject, and received in reply a 
letter, of whidi the following is a copy, which Captain 
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Gordon, the Superintendent of Steam Experiments, 
addr^sed to the Admiral, in returning to him the 
note in which the author had requested information 
ms to the results of those experiments: — ^**I cannot 
xetom Sir Howard Douglas's note, without remarking 
how very eratifjing it must he to that talented officer 
to observe l>y the experiments lately tried on board the 
* Doris* how correct his views were as to the neces- 
ntv of removing the leading comers of the Screw-Pro- 
peller, by which the steerage of the ship is much im« 
proved, and the vibration diminished." 

In the trials made at Spithead on board the * Doris * 
iteam fiigate, in April, Maj, and June, 1859, with 
blades from which the leading comers had been re- 
moved, the number of revolutions per minute was in- 
creased from 48.25 to 51.833, and the speed increased 
from 11.826 to 12.012 knots per hour. In all these 
cases the diameter and pitch of the screw were the 
nme, and the wind steady on the bow of the vessel. 

It appears therefore, conclusively, that when the 
leading comers of a screw are removed the number of 
revolutions is increased ; that removing the after 
comer onlv, the leading comer remaining, causes the 
speed to diminish; that removing both forward and 
ailer comers (which may be said to be Griffiths's 
propeller without the sphere at the centre) increases 
somewhat the speed; out when the leading comer 
onlv is removed the increase of speed is the greatest. 
It follows* therefore, that the most advantageous form 
of a screw-propeller, with respect to the speed of the 
vessel, is that in which the leading comers only of the 
blades are removed, as proposed by the author. 

The following circumstances which appeared in these 
trials will be found interesting : — ^When the diameter 
of the common screw was increased from 18 ft. to 
S0.1 ft. the speed was increased from 11.823 to 11.826 
knots per hour, bat the number of revolutions of the 
•orew diminished from 62.25 to 48.26 per minute ; tiie 
|rretter diameter produced, however, greater vibra- 
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It is remarkable that increasing the diameter of the 
screw by 2 ft. caused very little increase in the speed 
of the vcsscli and far less than was caused by cutting 
off the forward angles of the blades. Diminishing the 

Sitch of a screw increases the speed in a much higher 
effreo than increasing the diameter. 

With respect to Air. Griffiths's screw, it was found 
from these experiments that a diminution of the pitch 
from 32.2 ft. to 27 ft. caused an increase in the number 
of revolutions of the screw from 49.833 to 58.25 per 
minute, and an increase of speed from 11.981 knots to 
12.266 knots per hour ; but the wind was on the bow 
in the last case, and arhead in the other, and thia may 
in some measure have retarded the vessel. 

The Griffiths screw derives some advantages from the 
sphere at the centre of motion, as it permits less power 
to be applied in order to produce a given speed ; in an 
experimental trial with the sphere, a horse-power equal 
to 2825.6 gave a speed expressed by 12 knots per hour, 
while without the sphere, a horse-power expressed by 
2920.32 gave only an equal speed. 

Experiments were made with the * Bacchante ' (51) 
screw fri^te at the measured mile at Spithead with 
the Admiralty screw in its ori^nal form, and subse- 
quently with blades from which the leading comers 
had been removed, as proposed by the author ; when, 
on an average of six runs, a slight increase of speed 
was obtained, and a considerable decrease of vibration, 
which was most satisfactorily indicated by the far less 
vibration of the iron-plated flooring of the stoke-hole. 
At the conclusion of the experiments the sliip*s helm 
was put hard-a-starboard, when she described a com- 
plete circle under full steam-power in 6 minutes. 

The author knew that a screw-propelled ship, if left 
uncontrolled by the helm, would describe circles in cer- 
tain timeB with the steam-power constant ; that, conse- 
quently, the resultant of the action of the screw was not 
perpendicular to the plane in which it revolves; and 
that therefore there must be some imperfection in the 
construction of the blades, the resultant of which caused 
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the vessel to swerve from her right course in the direc- 
tion to which the screw revolves, to counteract which 
a port-helm is required. After maturely considering 
this case, in a very laborious investigation of the nature 
of the whole action of the screw, the author came to the 
conclusion tliat the leading comers of screw-propellers 
which had theretofore been considered the most eftectivo 

Eortion of the driving surface, were, on the contrary, 
urtful to speed, productive of vibration, and preiu- 
didal to steerage, and should be removed accordingly ; 
and these, three great objects, intimatelv connected 
wi& each other, have been obtained, as shown in the 
experiments herein described. 

in January, 1860, trials were made with the 
'Ariadne,* screw, 26-gun fri^te. Captain E. W. 
Tansittart, to test the speed with propellers of various 
forma With the common Admiraltv screw, the blades 
attached to the boss on the principle of adjusting the 

E itchy a speed, of 13.078 knots was obtained. With 
lades from which the leadinj^ comers had been re- 
movedy an increase of speed of nearly a knot per hour 
was obtained ; the vibration less than in any ship of 
the same power, and the trial as a whole was con- 
sidered most satisfactory. 

It appears from all the preceding experiments that 
an increase of speed was obtained with propellers of 
the form recommended by the author. Advantageous 
as this is in any degree, that was not the author*s 
main object in recommending the removal of leading 
• comers; his objects were of greater importance, viz. to 
diminish vibration and improve the steerage of the ship. 
The trials of the 12th January with H.M.S. < Ariadne * 
were first made with the Admiralty screw as originally 
oonstmcted. On this occasion the steam was main- 
tained at 20 lb& pressure ; the engines made on an 
average of 6 runs, 59.16 revolutions per minute, and 
the speed of the vessel 12.65 knots per hour. 

The trial of the 23rd Feb., 1859, was made with 
propeller*blades having their leading comers removed; 
tbe steam was maintained at 20| lbs. pressure, the 
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mean number of revolutions per minute 61.6, the speed 
of the vessel 13.087 knots per hour. The powct 
exerted by the engine in the last trial was 325 nors^ 
moretlian in the former trial; the speed was consequently 
increased nearly a i-knot, an increase of speed v^*^ 
nearly but not quite that which is due to the increac^^ 
power exerted. It must also be observed that t^^ 
•Ariadne/ having been originally built for engiw--^ 
of greater power, the screw aperture was 1 ft. lar^"^^ 
fore and aft than in any of the other vessels fitted wi ^^ 
engines of the same power, which was much in favo"^^^ 
of less agitation. In the last trial with the blades fro^^^*^_ * 
which the leading comers had been removed, it 
agreed by all the engineers present that the shaking t 
the stem by the action of the propeller was still moi 
reduced — in fact that there was no agitation perceptibU 

Since the preceding trials were made, screws of tb-^ 
form recommended by the author have been applied t>^^2 
a considerable number of ships of the line, frigates, an^:^^^ 
vessels of other classes. , The experiments with th4:? "^ 

* Orlando ' demand special notice. When under steaix^ 
the shake of tlio * Orlando ' was so great, especially 
in her extremities, that her top-gallant masts and 
bowsprit vibrated excessively. In steering, the frigate 
had a considerable tendency to port. The * Mersey ' 
on her first trial had the same tendency; and the 

* Doris* on her trial carried her helm 2i spokes to 
port; but with the blades from which the leading 
comers had been removed, as originally proposed by 
the author, the vibration was greatly reduc^, speed 
increased, and the vessels enabled to carry a straight 
helm nearly. 

Now that screw-propulsion has been generally intix>- 
duced to ships and vessels of all rates and classes in 
the British Navy, the damage done to the stems of 
ships by the consequent vibration is of serious conse- 
quence. On testing the engines of the * Duncan,' 101, 
at moorings in the basin at Portsmouth (Juno 1860), 
it was discovered that the vibration was so great as to 
cause her thmstrchocks to move upwards of an inch, 
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and the oakum to spew out in the wake of her rudder- 
poeL This is the only instance in which it has been 
found imperative to repair the rudder-post and 
gtrengthen a now ship previous to trying her speed in 
the smooth waters of Stokes Bay. Anything that can 
in the least conduce to lessen or prevent these shocks 
is a matter of the first importance. 

The experiments referred to in the preceding 
articles, which show that vibration is considerably 
diminished and the steerage of the ship improved by 
removing the leading comers of the Admiral^ pro- 
pdlers, are far from proving the full value of the 
Mithor's invention, the leading comers of the blades 
having been simply cut off by a right line, thus creating 
two new comers (figs. 4cl and 4^) instead of being 
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Fig.4#. 




rounded off as shown in fig. 4, p. 61. The advantages 
obtained by the blades from which the leading comers 
have been cut off by right lines, as shown in figs. 4 d and 
4 4^ prove that this alteration of the form of Uie blade 
is in the right direction ; and that if carried out to its 
Intimate extent, in the manner proposed by the author, 
bj rounding off ihe two comers created by cutting the 
leading comer ofl^ vibration would be renders in 
every case imperceptible, steerage improved, and speed 



8bct. L FOULTNG of SCREWS. 79 

somewhat increased. Experiments should therefore be 
instituted, to test this form of screw against any other, 
and particularly against the Griffiths patent tapering 
blades ; when, there is every reason to believe, trom a 
close examination of all the circumstances stated in the 
various columns of the * Abstract of Trials,* that whilst 
a very small advantage, if* any, in respect of speed, is 
obtained by the Griffiths tapering^bladed screw, con- 
siderable advantage in steerage is gained by a blade of 
the form proposed by the author — ^the ship having 
carried a straight helm when that blade was used. 

The author hopes that the insertion of these very 
interesting experiments in screw-propulsion, which he 
has introduced to rebut Mr. Griffiths's claim to priority, 
may be considered by the reader some compensation 
for the introduction of this extended discussion of the 
question into the Second Edition of this work. 

76. The screw is, in general, less exposed than a 
wheel to injury from objects floating in the water ; yet 
in a crowded anchorage it is liable to become entangled 
with warps, nets, and the like ; and any expedient by 
which the screw might be guarded from being so en- 
tangled and disabled, would obviously be of vast 
importance to the efficiency of a steam-ship. 

77. The instances of screws getting foul by ropes, 
nets, &c., wound up tightly on their bosses are too 
numerous to admit of notice in detail. The screw of 
the * Exmouth' ship of the line was fouled by her 
own sheelrcable, in endeavouring to haul herself off a 
shoal, for which she had laid out an anchor ; the cable 
was wound up so tightly that there was very great 
difficulty and much delay in clearing the screw. 

The screw steam-ship * Melbourne/ formerly the 
* Greenock,' on her voyage to Australia in 1852, was 
taken in a gale of wind, by which she was partially 
dismasted; her screw was fouled and disablea by the 
wreck of her own rigging; and being thus deprived 
of both powers of motion, sails and screw, she lay like 
a log on the sea, and put into Plymouth for repair. 

when the * Tribune' was docked at Sheemess on 
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the lOth June, 1853, it was found tliat 11 fathoms of 
3 1-inch rope had been wound up on the boss of her 
screw in such a manner as must have disabled the 
machine if the rope had been much longer. Before the 
' Rattler * set out on her trial trip with the * Alecto/ 
Art. 51, it was found that a 7-incli hawser had been 
doeelj wound, together with some fishing-nets^ about 
her screw, and it was several hours before a complete 
clearance could be effected. And numerous cases occur 
in which the screw-propellers of ships were discovered, 
when the ships were docked, to have wound up on 
their screws, ropes, fragments of nets or sails, lead 
and lo^lines. 

78. The entanglements of screws in the open sea 
occur rarely, compared with the foulings which take 
place in rivers, harbours, and roadsteads; but when 
steam-ships, in line aheadj are in action, the risk of, and 
the detriment arising from, their screws getting fouled 
by the rigging shot awav, are very great ; the wreck 
setting into tlie wake of the ships, or, passing these, 
floating into the course of those astern of them. On 
this account, any means by which the unimpaired 
action of screw-propellers may be insured is a matter 
of very hi^h importance. 

79. If there were no probability of a screw-propeller 
being disabled in action, and consequently no necessity 
for being prepared to resort to the sail, a great deal of 
the running rigging might be removed, the topgallant 
and royal yai^ all the topgallant studdingsail and 
royal taring sent down from the tops, and even the 
topgalknt masts might be struck, in order to lessen the 
diAnce of rig^ng shot away, falling from aloft, and 
getting adrift m tne pea ; thereby fouling the screw, and 
rendering the vessel with all her armament immovable 
except by the sail. 

80L A^fter bestowing the most serious consideration on 
the subject of a fouled screw, and on the various expedients 
hv which it has been attempted to remedy this great evil, 
toe author has arrived at the conclusion, that the dearing 
of a screw can only be effected by some contrivance that 
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may enablo screw-propellers to clear themselves of any 
ropes or other floating wrecks of rigging which may 
hitch upon a blade in its rotation, and which being 
drawn aown to the root of the blade would be wound 
up on the boss so tightly as ultimately to disable the 
propeller, or derange the driving machinery^ if the 
engine were not immediately stopped. For clearing the 
screw the author proposes to employ strong and sharp 
steel knife-edgcR firmly fixed to the metal trunk in whicu 
the screw works, aiul close to both edges of the blade, 
in such a manner that any rope that may have hitched 
on the boss would be acted 
upon, during the revolution 
of the screw, as a body re- 
volving in a turning-lathe is 
acted upon by a chisel. Thus 
revolving with a force de- 
rived from the power of 
the engine, the roi>e must bo 
drawn into and along the 
knife-edges, causing these to 
exert a drawing cut, suflicieiit 
to sever any rope, whatever 
be its thickness, and so clear 
the screw at once of any such 
entanglement as those shown in the figure annexed. 

Should the force with which the rope so hitched is 
drawn under the knife-edges appear to create an injuri- 
ous strain on the square end of the propelling-shaft, the 
object may be accomplished by means of circular fixed 
cutters acting in a direction parallel to the shaft ; the 
cylindrical parts of the boss, between the blades of the 
screw, being brought under the cutters as the screw 
revolves. The corrosive effects of salt-water on the 
cutters might be obviated by cleaning the edges, the 
screw being, for this purpose, temporarily removed. 

Before he quits this subject, the author would 
suggest that a screw-propeller might be examined at 
any time, either at anchor or under way in a smooth 
sea, by sending an experienced diver in the divingnircss 
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down the well on a step-ladder, to the boss ; the blades 
of the screw being laid horizontally, the man, ftirnished 
with a knife, might cut the bight which had hitched 
round a blade, on the boss; and taking with him from 
the deck a line, he might fasten it to either of the loose 
ends of the rope that had been wound up ; then ascend- 
ing to the deck, the screw being tumea in the reverse 
direction, the rope that had been wound up would be 
wound off: for this an experienced diver, air-pump, 
and diving-dress should be provided in every screw- 
ship. In this manner the evil of a fouled screw may be 
removed. 

The importance of having on board of at least one 
of the ships in a fleet of screw-steamers, a diver, with 
the necessary apparatus, for the purpose of descending 
to the axle of a screw, in the event qf anv accident 
occurring to that part of the machinery, is evident from 
a circumstance which took place in July, 1854, when a 
fleet of British men-of-war was lying m Calais Roads, 
having on board 10,000 French troops, who afterwards 
assisted at the taking of Bomarsuna. Shortly before 
the time appointed for raising the anchors, it was found 
that the screw of the flagship, the ' Hannibal,' had 
become deranged, and would not work. On this 
occasion a helmet^diver from the works at Dover was 
sent across the Straits : this man, by means of a rope- 
ladder, went down the trunks and in about three hours 
succeeded in re-establishing the screw ; and the troops 
were thus enabled to start at the time appointed. The 
accident arose from the screw ^tting foul in the 
vertical guides, so that it would neither Tift nor lower ; 
and was caused from the vessel touching the sill when 
she left the dock in which she was repaired, and which 
wrong or twisted the metal guides in which the screw 
workra. If the injurv had not been thus repaired, 
the * Hannibal ' must have returned to port, and gone 
into d<xk. 

The screw of the * Blenheim * also, while that ship 
was in the Baltic, became fouled b^ one of the hawsers, 
and entireljr disabled ; and on this occasion a trained 
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diver, sent down from the deck, produced an effectual 
clearance/ 

The screw steam-ehip 'James Watt,' 91, Captain E. 
Codd) was not long smce detained at Devonport on 
account of her propeller having got foul of a ship's 
moorings, which were hroken, and twisted several 
times round it. Divers were employed all night in 
clearing the chains; and the ship, after discharging 
her powder, went into dock. Had the screw been 
equipped with a cutter, as proposed above, Art. 80, 
the hawser might have been clipped before the mooring- 
chain was drawn in. The ship became anchored by 
, the stem, and, had the wind come on to blow hard 
during the night, the stem-frame of the ship must have 
sustained great injury. An iron net-work might have 
protected the screw without impeding the ship s way. 

The loss of the 'Prince* at the entrance of the 
harbour of Balaklava, during the war in the Crimea, 
and the more recent loss (Aug. 26, 1859) of the 
* Royal Charter' on our own coast, are known to 
have been caused by the screws of those ships becoming 
entangled among the spars and rigging, which had 
been cut away during the storms in which the ships 
were wrecked. 

81. The author's object in what he has stated has 
been chiefly to engage the mechanical genius of English 
artists to apply itself to the means of preventing the 
shake produced by the screw, and of enabling the latter 
to clear itself of the obstmctions to which it is Uable ; 
and it would afford him the mreatcst possible satisfac- 
tion, to find that the methods by which he proposes to 
gain these ends are superseded by some more effectual 
expedient than he has been able to discover. British 
mechanical skill has taken the lead, which it should 



* The author baa rcoontly learned that^ on board the 'Exoollcnt,* seamen 
are now regularly trained to act as divers ; these, when duly qualified, roceir« 
additional pay, and are provided with the necessary dress and apparatus. 
This circumstance, for which great credit is due to the naval administfmtxm of 
the oountiy, was unknown to the anther till after the present shoot waa in type. 
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ever retain^ in working out the problem of the applica- 
tion of steam to the propulsion of sliips of war, and 
carried the machinery to the highest degree of per- 
fection whicl), in the present state of science and* aii;, 
the case admits of; but it must not be concluded that 
the problem is so satisfactorily solved as not to admit 
of further improvement^ though it is not at present 
easy to show how this is to be effected. 

82. Tlie impediments creato<l in consequence of the 
screws of steamers l>ccoming fouled by floating mate- 
rials suggest that, for the defence of a scajK>rt or 
roadstead, it would be advanta^ous to dispose across 
the direction in which an enemy s fleet would approach, 
a number of nets, ropes, or other obstacles, and which, 
being unseen and easily removed, would be far pre- 
ferable to booms formed of iron chains. These might 
be attached to strong hawsers, which, by means of 
buoys, might be made to float near the surface of the 
water ; and if connected by anchors at intervals with 
the bed of the sea, screw-steamers in advancing, would 
infallibly, by the entanglement of their screws, if un- 
provided with a cutting apparatus, find themselves 
anchored by the stem, and thus detained under the fire 
of the batteries on the coast. 

Some such impediments are said to have been placed 
by the Russians during the late war (1855) across the 
narrow and shallow channels leading to the harbour of 
Cronstadt ; and they would have presented insuperable 
obstacles to the British ships in their approach to that 
fortress. 

83. The stems of all ships are still their weakest parts, 
notwithstanding the great improvements made in naval 
construction of late years, by abolishing the wing tran- 
soms upon which the stem-frame was built, and sub- 
stituting, as in the construction of the bows, timbers 
rising m>m the keel, thus uniting the whole body of 
the wip in an entire frame ; yet the overhanging stem 
not bemg water-borne, in consequence of the fine mn 
bek>w, tins part of every ship is rendered weaker than 
the bows; and the aperture made in the dead wood, 
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together with the openings called the well, extending 
from the head of that aperture through all the decks 
ahove, weakens farther the part already much defi- 
cient in strength. Hence the violent shocks occasioned 
hy the rotations of a heavy screw-propeller, occurring 
in quick succession, strain the stem to a denee which, 
in a short time, endangers the stability of the whole 
fistbric. When the blades of screws are not constructed 
so that their edges may be turned in fore and aft 
positions on the occasion of the steam-vessel having to 
be propelled by wind in her sails, it becomes necessary 
to raise Hie screw quite out of the water. In tM 
generality of the steam-vessels recently constructed, the 
upper deck is so low that the screw with its fnme, 




when hoisted up, projects considerably above it ; thus 
rendering it necessary to carry a trunk, or enclosure, 
quite up to that deck. The steerage of the ship is 
greatly impeded by the intervention* of the trunk. 
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which renders it impossible to use a long tiller, and 

C^rmits only the substitution of two short arms of a 
ver, called a yoke, which works within the small 
space between the trunk and the stern. 

Figures 6 and 6 a represent the steering-apparatus of 
a screw steam-ship of 91 guns. G, fig. 6 a, is the head 
of the rudder, of which the upper and smaller part H, 
called the Norman head, is a strong iron column (with 
a hole for the reception of the tiller or yoke, I K, at 
the upper part) which ships into a square mortice in 
the rudder-head at G, strengthened by strong iron 
bands, as shown in fig. 6 a. The rudder is acted upon 
by means of a yoke, ABC fig. 6 (I K, fig. 6 a), on the 
main deck, ana by a similar yoke E F, on the lower 
deck, by either of which the ship may be steered. 
Each yoke consists of two arms, straight or curved, 
which are worked by tackles made fast to, and rove 
through a stem-beam, and can be moved through an 
angle of 36^ in either direction. When additional 
power on the helm is required, it is obtained by means 
of relieving-tackles, consisting of double blocks, one of 
which is attached to each arm of the yoke, and the 
other to the side of the ship. • The lower yoke E F 
works underneath and close to the beams of the main 
deck PQ (fig. 6 a), and the upner yokQ I K close under 
the beams of the quarter-deck M N.* 

The arms of tiie yoke being short, compared with 
the length of an ordinary tiller, it has been found ne- 
cessary, in order to obtain sufficient power to turn the 
rudder, to have a multiplying purchase, consisting of 
a sjrstem of pulleys near the end of each arm of the 
yoke, and also in a main beam in its rear ; the rope, 
or rather the chain (for a rope, though made of pre- 
pared hide, is soon worn through), is made fast to the 
yoke, and passes round a sheave in the beam behind ; 
then rouna one in the arm of the yoke; and, after 
passing about a second sheave in the beam, it is carried 
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to the barrel of the steering-wheel on the quarter-deck. 
In conseouence of the complexity of this apparatusi a 
consideraDle revolving motion of the steering-wheel ii 
necessary in order to prodtice even a small movement- 
of the rudder ; and there is, therefore, a want of prompt!* 
tudo in the corrective power of the helm, when moved 
by the yoke, which is not experienced when a ship k 
steered by a simple tiller in the ordinary way. 

Various other modes of steering have been tried with 
the yoke and with a short tiller, as I K, fig. 6 a, fixed 
in front, or in the rear of the Norman head, but no 
satisfactory result has yet been obtained from tnem. 

84. An inc:onious apnaratus has lately been devised 
by Admiral Martin, ana applied experimentally to the 
'Termagant.* This consists in affixing a Norman 
head, capable of turning on a vertical axis, between the 
ship's counter and the under side of a lower-deck beam, 
in a position which allows a tiller to work between the 
trunk and one side of the ship. This Norman head, is 
connected with the rudder-head by means of a system 
of iron bars, turning on joints so as to preserve always 
the form of a parallelogram ; and thus the motion given 
to the Norman head by means of its tiller, commu- 
nicates a corresponding motion to the rudder. Theo- 
retically there is no diminution of power caused by the 
use of this apparatus, but a very great loss of it is 
sustained on account of the friction at its six turning 
points ; <and, from the extent of exposed surface, it will 
be very liable to injury : a shot striking any part of it 
would render the whole quite useless. The apparatus 
is, moreover, capable of being applied only to irieates 
and similar vessels, as in large ships the machinery 
must be in a cabin, or it would occupy the place of one, 
in which case it would be highly objectionable. 

Such complicated expedients to compensate, by the 
multiplicity of gearing, for the defects occasioned by 
the absence of the long tiller, do but increase the evils 
complained of, and are evidences of the necessity of 
reverting to the use of that simple agent. 

The great force of torsion exerted on the stem of the 

f2 
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rodder by the yoke on the lower deck, by the short 
tOler in the lilorman Iiead, and sometimes by both 
mding together, wrings the stem to such a degree that 
many rudders have ^n ehtirely destroyed by it, and 
it has been found necessary to provide against this 
evil by giving additional strength to the rudder-heads 
in all screw Ime-of-battle ships recently constructed. 

Besides this injury to the rudder arising from the 
employment of the yoke, a great difficulty is fe.lt in 
steering with it when it is required to put the helm 
hud-ov^r quickly, the ship going at full speed; and 
the neat force which it is necessary to apply to the 
wheel in order to give motion to the rudder, particu- 
larly when the latter is acted upon by sudden and 
violent impulses from the striking of waves against it, 
is also the cause that the steering of screw-steamers, 
having trunks, is far less steady than that of ships 
whose helms are managed by the ordinary tiller. 

The author has no personal experience in the art of 
steering a steam-ship by the yoke, but he is enabled to 
judge accurately on the subject by information obtained 
6xnn flag-officers who have inspected, captains who have 
commanded, and officers who have served on board 
•crew-eteamers, as well as from experienced quarter- 
rnasters who have performed the mechanical opera- 
tion of steering such ships : all these admit that the 
trunks from the space it occupies — not less than 243 
cubic feet on each deck — has rendered it necessary to 
resort to that disadvantageous means of giving motion 
to the rudder ; but, believing it to be unavoidable, they 
ftcoept it as a necessary evil. But is it necessary? 
Why should a structure so detrimental to the steering 
power of the ship, and so obstructive to the genersd 
lervice of the decks, be suffered permanently to remain, 
linoe its use is only occasionally required ? Apertures 
must be made in all the decks to admit of the screw 
being hoisted up for the purpose of repairing it, or 
it replacing it by another. In the latter case, the 
qpara propeller ^screw) is brought out of Uie stowase- 
bed in the hold^ and tranqx>rted aft on a suitable 
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Blcd^e. The tackle by which the screw is hoisted 
consists of a double system of pulleys suspended from 
a strong timber (chock) spanning the aperture in the 
upper deck : each fall is made fast at one end to an 
immoyable object ; passing then oyer a friction*pulley 
in the chock, it is led under a pulley fixed to the metal 
frame which carries the screw, and is passed from thenoe 
oyer another friction-pulley in the cnock to the bsurrel 
of the capstan : by heaving on this the metal frame, 
with the screw, is raised through the trunk to the upper 
deck. . When the screw is damaged and requires to be 
replaced or repaired, shears are erected of sufficient 
altitude to hoist the screw entirely clear of the aper- 
ture ; the frame with the screw is then lowered to the 
deck, when what is amiss may be repaired, or the 
screw may be replaced by a spare one. While this 
operation is being performed, which is accomplished in 
ten or twelve minutes after the gearing is prepared, 
the long tiller cannot, of course, be us^; this must, 
therefore, be unshipped and triced up to the beams, 
and the yoke or short tiller must be applied for the 
purpose of steering the ship till the screw is rcfixed; 
out it must be unnecessary to enclose the apertures by 
permanent bulkheads. Ai ight it not suffice to carry the 
trunk up from the top of the aperture in which the screw 
works, as high as the lower deck, and no higher? To 

J)revent the surge of the sea, up the permanent trunk, 
rom getting into the lower deck, a strong cap of timber 
should be made to close the aperture, the cham attached 
to the screw being passed through a hole perforated in 
the centre of the cover, and kept ready to be passed 
through the apertures in the decks above, when the 
operation of hoisting the screw is required. When the 
screw is to be hoisted up, temporary stanchions might be 
fixed in mortices at the four corners of the rectangular 
space (a a fig. 6) to which the boss must be confined in 
moving the screw up and down ; and by these stanchions 
the edges of the metal frame in which the screw is set 
may, in lowering it, be conducted into the metal cuides 
fixed vertically in the permanent trunk below the lower 
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deck, 80 as to bring it, as before, to the proper place 
for oonnectiiig the screw with the propelling-shaft. 
Bj soppressiDg the trunk, the decks would be tree for 
the movements of a tiller of the ordinary length and 
descri ption, which, like the yokes, might be placed 
immeaiatelj under the beams of the quarter-dec^ and 
main deck respectivelj : the apertures being covered 
bj shutters, on which guns midit be placed, the stem 
batteries on each deck would be strengthened by the 
two guns which the trunk had rendered useless ; and 
thus spaces of about 700 and 1000 cubic feet, .in two 
and tmee deck shins respectively, would be restored to 
the £^ and wara room accommodation, and to the 
apartments appropriated to the captain and the admiral. 

Gaptain E. Codd, of the 'James Watt* steamer, 
admits that the long tiller is far superior to the yoke ; 
and he observes, tnat on board that ship the yoke 
would only be resorted to in the event of the tiller in 
the gun-room being shot away : he adds that the trunk 
is greatly in the way of working the stem armament, 
particularly in the ward-room. 

The great advanta^ of applying screw-propulsion 
to ships of war consists in these being enabled to 
execute, with the utmost precision and certainty, the 
tactical movements which the new system of naval 
warfare will introduce. But that precision in execution 
depends entirely upon the accuracy with which the 
new moving power is directed by the helm; and so 
indispensable is correct steering in the evolutions of 
steam-fleets, that the full benefit which steam-propul- 
sion is capable of affording cannot be obtained without 
it. The reader will see, in the sequel of this work, the 
immense importance of steady and correct steering in 
the evolutions of steam-fleets; and naval officers, in 
practising the new and delicate manoouvres of which 
the auttor is about to treat, will find that the most 
serious consequences will result from any defect in the 
apparatos hj which steam-ships are steered. 

The steering of a screw steam-ship of the line, witli 
an sails fvled, should be as if instinct with life, in- 
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tuitive, and quick as volition. The more simple and 
direct the regolating power of the helm is^ the more it* 
will conform with the above attributes. 



SECTION II. 
On the Tactics op Naval Warpabe with Steax. 

85. The tactics of naval warfare under the power of 
steam cannot be advantageously studied except in com* 

S arisen with those in which the movements of the ships 
epcnd on the action of the wind ; and it, therefore, 
will be necessary to begin by a short description of the 
elementary principles which have governed the opera- 
tions of hostile^flcets in past times, when the man- 
oeuvring powers of the sail alone covld be employed 
to effect the requisite evolutions. The nature of these 
evolutions bein^ explained, it is proposed to enter upon 
a description of the means of executing them, and of 
the modifications which must be made m the tactics of 
naval warfare when ships are moved by the power of 
steam. 

86. The science of naval warfare may be classed 
under two principal divisions : — the order of movement 
in advance or retreat, and the order of battle. 

In 1697 Paul Hoste* published his treatise on Naval 
Evolutions; and this work, which was reprinted in 
1727, is, by all writers on the art, pronounced to bo 
the CTOund on which succeeding theories have been 
basea.'* 



* Father Paul Hosto, a Jesuit, was bom at Drcsso in 1G52, and died Pro- 
fessor of Mathematics in the Hoyal College of Marine, at Toulon, in 1700. 
aged 48. lie was present in many of the battles he describes, having lenrea 
for many years ^vith some of the most distinguished admirals of France. H« 
was on board the Count de Tourvillo's ship at the battle of La Hogue in 1692, 
and served in some of the sanguinary battles fought between the Engliah 
and Dutch fleets in the 17th century. 

^ The principal writers on naval tactics since the time of Paul Hosta are :— 
M. Bourde de Villehuit, 17G9; M. de Moroques and M. du Pavilion, 1780; 
Visoomte de Grenier, 1788; Clarko of Eldon, 1790; Sieol, 1794; Adroina 
Sir Charles Ekins, Naval Batttfi. 
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87. With respect to the first of these divisions, 
'Paul Hoste enumerates six orders of sailing, which are 
mm follow : — 

1. The line ahead on the starboard or the port 

tack ; which is also the general order of 
battle. 

2. The line ahead perpendicular to the wind. 

3. On two lines or hearing^ when it is not known 

on what tack it will oe necessary to engage. 

4. In parallel columns or divisions before the wind. 

5. In parallel columns oblique to the wind. 

fi. The order of retreat on two lines of bearing^ 
making with each other an angle ol 135^ 

* 88. Paul Hoste afterwards dwells on the deran^ 
omenta which may be occasioned by changes of the wmd 
oocorring during an action, and on the manoeuvres by 
whic^ those changes should be met : — 

!• The manner of re-establishing the line of battle 
when the wind comes ahead. 

2. The manner of re-establishing the first order of 

sailing when the wind comes aft. 

3, The manner of re-establishing the second order 

of sailing when the wind changes. 
4« The manner of re-establishing the third and 
fourth orders when the wind changes 16 
points, or less than 16 points. 

5. The manner of re-establishing the fifth order 

when the wind changes 4, 6, 8, or 12 points, 
and when the wind comes ahead. 

6. The manner of re-establishing the order of 

retreat when the wind changes 4, 6, 8, 12, or 
16 points. 



* TIm two Uam of betring ara those in whidi tbo ahipt (at 6 wrfntt from 
tU wind) aio la Uom, mik&g with cadi other an angle oT 186^(eee fig. 9. 
pwllS). Fran thia Older of eaiUng the line of batttooan be promptly formed 
on either tedc; fo one portion of Uie fieH ie alreadj in line ahead, and the 
m^ be needlty broi^ lo the wtmm diepoeitioo. in the oontinnatton of 
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To which ho adds the manner of changing^ the order 
of battle to the different orders of sailing. 

89. In the tactics of sailing ships, tho line of battle 
is formed by ranging the ships in tine ahead^ at 6 pointi 
from the wind, either on the starboard or the port 
tack.* 

It has always been assmned, in preparing for an 
attack, that the fleet of the enemy is in hne ahead close- 
hauled, to leeward or to windward; and by taking 
measures accordingly, with superior nautical skill ara 

I)ractical seamanship, the officers of the British navy 
lave established and maintained for the country its 
/^supremacy on the ocean. 

^ 90. The intervals between ships in line of battle 
are never less than one cable's length, or 240 yards, 
but they may be at the distance of one and a half or 
even two cables* length. The ships are close-hauled 
to the wind, because in that trim the sails are easily 
made to counteract each other, by backing, filling, or 
shivering them, and thus the sliips are easily kept in 
their proper stations. This can, with difficulty, be 
accomplislied by the process of hrajdng^^ when diips 
are going free, or before the wind. 

The lino of battle is not formed in a direction per- 
pendicular to tlie wind, because, when ships so ranged 
. make a tack, there is greater danger of each getting 
foul of her follower, in falling off upon the new tack, 
than when the ships are hauled to the wind. 

The close-hauled lines form the normal condition 
upon which lino of battle and all orders of sailing in 
lines of bearing are formed. In this state the conver- 
sion from the line of bearing to the line of battle might 
be simply and promptly made, subject to the limitations 
imposed by the wind. 

91. The attack from the windward upon an 

* Tlicflo are called in naval tactics cloeo-baulod lines ; but tqnaic-riggod 
ships so ranj^ aro ono point off tho wind. 

^ The meUiod called hraeing^nf consists in turning the yard^ mora or leas 
obliquely to the wind, in order to disdiarge (spill) the wind from the sails^ or 
to catdi it on them, as the occasion may require. 
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enemy*8 fleet to leeward, is made by running down 
directly in line abreast, or obli(^uely in line of bcaringi 
each snip keeping its antagonist always on the same 
point of the compass. The windward fleet may thus, 
at any time, form a line parallel to that of tlie enemy, 
and may engage him at any distance ; or it may pass 
through his line of battle at one or more points, as 
Adminl Duncan did in the action off* Camperdown, 
and as Lord Howe attempted to do on the 1st of June^ 
1794; or again, the weather-fleet may bear down in 
divisions in line ahead, and, penetrating the enemy's 
Ime, 6i^g^ 1^ to leeward, as Lord Ne&on did in the 
battle off Cape Trafalgar. 

The great solicitude which British admirals, in par- 
ticolar, have ever shown to gain the weather-gage, 
aroae mainly from the option it gaye to the commander 
of the windward fleet, either to force the enemy to a 
does action, or to compel him to edge away, bear up, 
and ultimately retreat. 

92. The advantage of obtaining the weather-gage 
k strikingly illustrated in the description of the naval 
engagements between the English and Dutch fleets off 
the Texel, in 1653 and 1665 (Lediard*s 'Naval His- 
toiy *), and in the action between the French and Dutch 
off Stromboli in 1676 (Chamock, vol. ii., p. 10), and in 
nanjr other modem battles. 

ric.T. 
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In the nuauBnvrefl of the British and French fleets 
on the 9th and 11th of April, 1782, Rodney's great 
olgeot was to gun the weather-^age, but, being disap- 
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pointed in consequence of the wind — which for some 
time after the British fleet got sight of the enemy was at 
S.E. — shifting to E.S.E.,* he passed to leeward, eneag^ 

" ing the enemy on the contrary tack ; when, taking 
advantage of a wide opening (A), fig. 7, made in the 
French line, through the ships astern of tlie • Ville 
do Paris' having h^en so mucn dama&;ed in their saib 
and rigging by the fire of the British van (B) as to 
be unable to keep their proper distances, he pushed 
the * Formidable* (F), followed by the 'Duke' and 
^ Namur/ through the mip, doubled upon the French 
rear, and gained a complete victory. 

Nelson's plan of attack for the action at Trafalgar 
waa formed on the assumption that he should possess 
the advantage of being to windward, and thus have it 
in his power to i>cnetrate the line of the combined 
French and Spanish fleets, by which manoeuvre he con- 
templated engaging the enemy from the leeward, and 
preventing him from making his escape. (Clark's and 
MacArthur*s * Life of Nelson/) 

i/ 93. In the leeward position of a fleet, the circum- 
stances are very different from those which existed in 
the case above mentioned. A lee fleet cannot force 
into close action, one which is to windward of it ; it 
might itself avoid such action by edging away, keeping 
up a distant cannonade on the enemy as he came down ; 
but this mancDUvre could produce no decisive result, 
and the affair might end in a drawn battle, of which we 
read many instances in naval history. It must be ad- 
mitted, however, that in the case of inferior strength, the 
lee fleet has the advantage of its retreat being open, and 
may, accordingly, edge away, or retire before the wind. 
A lee fleet cannot approach one to windward, each 
of them sailing close-hauled in line ahead upon the 
same tack; but if the lee fleet sail the fastest^ it 
may farereach upon the other,- and, then tacking, stand 



' * KaTal Evolutions,* l>y tlie author. Tlie fact mentioned in the t«xt It % 
striking oxamplo of the precarious nature of tlie conditions under which nil- 
ing shi|w en^^ge in action. 
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towards it. A windward fleet, close-hauled, can only 
be approached by a lee fleet fetching up, on the con- 
trary tack, in line ahead ; or, when having sufficiently 
forereached on the other, by making the ships tack 
simiiltaneously into line of bearing, parallel to the 
enemy, each ship stemming obliquely towards the 
enemy, and threatening to pass through the opposite 
interval. But in these cases the intervals in the 
enemy's line will be continually varying in their bearing 
and in their extent, by the relative celerities with which 
the ships are moving in contrary directions. Hence, 
in the attempt to break a line from the leeward, it must 
be uncertain which interval can be gained; and the 
extent of the interval is, practically speaking, di- 
minished, from the obliquity of the line of penetration, 
while the leading ship or ships will be exposed to the 
broadside batteries ot all the ships in the windward 
line, which are ahead of that part which it is in- 
tended to attack, as those ships pass in succession 
athwart the bows of the ships fetching up. 

94. To penetrate an enemy's line from the leeward by 
the cross attack, as it is called (Art. 155), is impracti- 
cable, if the prescribed distances between the ships are 
accurately kept; and the manner of keeping the proper 
distance between two ships is here descrux^d for the 
information of the general reader. The mizen, or main- 
topsail (and topgalTantsail, if set, or both occasionally), 
18 Kept shaking or backed, or more or less filled, if going 
upon a wind ; or braced-by if going large, so as either to 
check or increase the ship's speed. The interval from 
ship to ship, at the distance directed by signal, is 
reflated, by observing the angle subtended by the 
heightof the mast-head above the water-line, of each 
nearest ship. The angles calculated for the different 
distances that may be signalled are entered in a table ; 
whence, by setting the index of a sextant to the an^le 
conesponcung to the distance ordered, it may oe 
ascertained uniether the ship is drawing ahead or drop- 
ping astern, 

'nie issue of the battle of Hay 20, 1766, turned en- 



Sbct. II. BREAKING THE UNE. 97 

tirelj upon an error in tho order of sailing, by which 
the ' Intrepid/ with the loss of her foremast, drove on the 
ship next to that of the Admiral, and obliged the ships 
astern to throw all aback ; this caused so much delay 
that, night coming on, the French fleet bore off, and the 
action terminated, to the mortification of the countiy 
and the ruin of the admiral (Byng), in a drawn battle.- 
Instances in which attempts to break an enemy's 
line have ended in failure may be found in the accounts 
of the actions under Admiral Keppel in 1778, Loixl 
Howe in 1794,» Lord St. Vincent in 1797,^ and Sir 
Robert Calder in 1805. 

1^x^95. Steam-propulsion entirely annuls all the limi- 
tations and. aisabilities imposed by the wind on the 
evolutions of fleets, and opens the whole surface of the 
ocean as a battle-field for the contests of steam fleets. 
With this new power it may be presumed that success ' 
will more than ever depend uj)on the tactical skill and 
the quick perception of the chief, together with prompt 
and resolute execution on the part of those under his 
command. 

ly/ 96. A fleet of steamers would experience, in breaking 

* Lord IIowo bore do^n with his whole fleet in line abreast, intending thai 
every ship should pass throu;;h the cnemy*s line, and engage his sliipt to lee- 
ward, but the advance soon became disonlcrcd, and the Admiral was <^i8ed 
to signal some ships to make more, and others less sail. The * Queen Ohar> 
lotte,' followed by the * Bcllcrophon ' and ' Leviathan/ posscd nnsnpportod 
through the French line astern of ' L*Role,' and were witn diflicnlty rescued 
from their perilous position ; tlie remainder hauled tlieir wind and ojiened 
iirc, some at short, and others at long and scarcely effectual, distances. The 
' Brunswick/ second ship to that of the Admiral, tried to cut through tho line 
astern of the ' Jacobin/ tho second to tlie French Admiral ; but the ' Jacobin* 
ranged ahead, closely followed by the ' Achille,' so as not to leave auffidcnt 
space to iiass through. The ' Rninswick,* thereupon, pushed for another open- 
ing between the ' Achille ' and tho ' Vengeur,' but the latter frustrated that 
design by shooting ahead and closing the interval. The ' Brunswick ' per- 
sisting, ran foul of tho ' Vengeur,' and tho desperate battle which ensued 
botwceu these two vessels, linked together by the * Brunswick's' anchor get- 
ting hooked to the shrouds of tho * Vengeur*-— a grasp which Captain Uanrey 
would not rclcaso— forms a glorious episode in the history of the battle of tAO 
1st June, 1794. 

^ In the battle of the 14th February, 1797, tho three-decked ship * Le PriDce 
dcs Asturics,* leading the squadron of eiglit Sj>anish ships which had been 
separated from tho principal division by the British fleet, cndearoured to paai 
through the British line, alicad of the ' Victory,' to reunite with the body of 
the fleet ; but, finding the English line so compact as to make thif impradio- 
able, felie waa obliged to abandon the attempt. 
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an enemy *8 fleet in line ahead, none of the difficulties to 
which sailing-ships are subject from their dependence 
on the direction of the wind; but, with steam as a 
moving nower, this manoeuvre would not necessarily 
throw a fleet, commanded by a skilful tactician, into that 
inextricable disorder, nor reduce it to that state of utter 
helplessness, which in a sailing fleet has proved deci- 
sive of the fate of an action, as was the case on the 
12th April, 1782. With a fleet whose facility of 
manoeuvring quickly and jireciselv is great, as is that 
of a steam fleet, the penetration of the lino by the enemy, 
if not entirely prevented, may be speedily reciprocated 
by tactical skill ; for as a commander, by breaking the 
line of his opponent, divides his own line likewise, so, 
by a prompt movement, that part of the 0})ponent's fleet 
whicn is not doubled upon, reversing simultaneously 
yfrom its rear, may douole upon that division of the 
/fleet which had broken throu^ the line attacked. 

In the actions of sailing-ships, great numbers of sea- 
men are unavoidably withdrawn from the service of the 
gons, to attend to the sails, in order to preserve the 
proper distances between the ships in line ahead, for 
which it is necessary to keep the oraces and bow-lines 
constantly manned ; and the most expert sailors are told 
off in squads denominated sail-trimmers, knotters, and 

Slicers, for the performance of their several duties: 
e manoeuvres of the sails, for the purpose of re-esta- 
blishing order in changes of the wind, are, moreover, 
numerous and complicated, and Paul Hoste devotes a 
large portion of his work (pp. 68 to 79), and many 
diagrams, to an explanation of the manner of rectifying 
disorders which steam-propulsion will entirely obviate. 
Steam-ships, having ail their sails furled, permit the 
enernes of the fighting crew to be wholly concentrated 
on toe guns; the preservation of the distances and 
the movements of tne ships being accomplished by the 
yigency of the enginemen alone. 

^ 97« Hie importance of the windward position in 
the tactics or sailing-ships, consists in the superior 
ijpeed with which the ships, by sailing free, and there- 
won fiurt, may run rapidly down upon an enemy to 
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lecwardy and force Iiim to fight, or abandon the field.; 
but that advantage which the wind gives to a weather 
fleet, for this particular purpose, may be obtained, for 
every purpose, by a steam-iiect whose ships can pat 
forth a greater degree of speed than those of the enemy.* 

The amount of steam power for the propulsion cf 
ships of the line, during an action, should be limited to 
that wliich is barely sufficient to keep the ship under 
the guidance of the helm. Great steam-power occasions 
great and rapid movements, which are extremely un- 
favourable to ^ood gunnery ; indeed, when engaged in 
close action with an enemy who is willing to nght, the 
ship should have as little motion as possible. 

This steadiness is particularly necessary in receivin|^ 
an attack from an enemy, on the beam, because his 
approach is, in that case, directly upon tiie broadside 
batteries of the ships attacked, and he is exposed to a 
fire so much the more destructive, as it is delivered 
from ships which are nearly at rest. 

98. It does not follow that engines capable of 
putting forth great power, should be worked at high 
pressure, in ordinary evolutions. If tha steam be cut 
off at any part of the stroke, so that that which has 
entered the cylinder may act expansively, the fuel is 
economized without any great loss of power. (See 
Arts. 8-10.) Even with the utmost economy in the 
consumption of fuel, screw steam-ships cannot in general, 
from a want of stowage-room for coals, continue more 
tlian a few. days steaming either at full speed or expan- 
sively.^ Exhaustion of fuel on the eve of a battle, or 

* It may be fuiid of wcll-comnmndcd steam fleets, muiato nomine^ m was 
said by an cmiDent tACtician respecting manceuvring armies directed by generals 
of talent, that — ** Eiitro deux arm<5cs parcilles co sera enfin k qui remportom 
do gdnio et de crferiV dans Ics mancouvres."— ((?iii6er<, vol. ii. p. 187.) 

^ The average numbers of days steaming at full power, for wnicb vessels of 
tlie under-mentioned classes can stow coal, are — 

For ships of the 121 guns class 8 days. 

„ „ 90 guns, of the * Renown ' class •• •• 6 „ 

•f tt 51 guns, of the *Irop^ricuse* class.. .. 81,, 

„ „ 32 guns, of the ' Diadem ' class •• .. 6 „ 

The French type ship, the * Napoleon,' has stowage sufiSoie&t for ten days* 

consumption at full speed, 12i knoU per hour. 
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duriDg a protracted action, is a contingency which must 
at all events be effectually guarded against 
/ 99. Strategical combinations have not hitherto entered 
into the system of naval operations with sailing fleets, 
Irat are absolutely necessary with fleets of steamers. 
Sailing ships carry with them all the provisions and other 
mpplies, by which they are enabled to keep the sea, 
and prosecute their service for periods of considerable 
duration ; but steam-ships, being dependent upon sup- 
plies of fuel, which must be, at short intervals, con- 
stantly conveyed to the fleet from the ports where the 
depots of coal have been formed, require the organiza- 
tion of a system of steam-transport, analo^us to that 
which is established for keeping open the hues of com- 
mnnication between an army m the field and its base 
of operations. 

But^ however effectually this measure may provide 
for the evolutions of fleets under steam aunng an 
action; the want of an adequate supply of fuel renders 
it impossible that the strategical operations of fleets 
can be performed by steam alone ; and, on this account, 
it has been found necessarv to provide steam-ships with 
Inll sailing, as well as witn full steaming power. 

100. The speed of the line-of-battle steamers serv- 
ing in the same fleet should be as nearly as possible 
uniform (see Table opposite) ; if there are some ships 
in which the power ot motion is greater than in others, 
they should to posted to the reserve, and employed to 
carry succour promptly wherever it may be required. 
The steam fri^tes and sloops attached to the fleet 
ahoold be capable of exerting considerably more speed 
than the ships of the line, in order to enable tiiem to 
be to the fleet what cavalry and horse-artillery are to 
ananny. 

If the steam-power of the several ships of the line 
formincr a screw-fleet be not uniform, the speed of the 
whde fleet must be reduced to that of its slowest diip/ 

* H vppmn from Um aaoeied T^bl« Ibal graal ditcraptadet tiiti in Um 
•asmti of hott ^w mm «i«rlad hw Um mn^aoM eompMwl with tbe eoniMnr 
fBM m4 tte d^llM«MBli oT tte aiii|» ; m4 it is •Titot ^ 
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The serious inconvenience arising from an inequality 
of speed in the ships of a sailing fleet was felt by Loid 
Duncan in approaching the Dutch fleet off Gampe^ 
down, when a considerable time was lost in llie attempt 
to close up and re-form the order of battle ; the admiral 
bein^ obliged to signal his good sailing ships to shorten 
sail, m order to enable the others to take their statimii 
in line. There not being time to do this correctlj, the 
British fleet was in a very disunited state at the com^ 
mcncement of the action. (James's ^ Naval History/ yoL 
ii. p. 269.) 

wero oomhined in one fleet, the more powcrfbl etdunen would bo reUrded ia 
their tirogrcM l^ the necessity of keeping in oomiwmy with the others : bms 
the whole fleet would be defldent in that most important quality— ceWrftjef 
movement 
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Tmm. 


Royal Sorereign 


800 


131 


.. 


.. 


•• 


Royal Albert 


500 


130 


232 


60*83 


5571 


Marlborongh 

Duke of Wellingtoo .. .. 


800 


130 


245 


60-37 


6100 


700 


130 


241 


60-00 


5680 


Ropl George 

Onoo 


400 
600 


101 


805 
238 


54-50 
55-75 


4614 

•• 


Renown 


800 




245 


55-75 


4890 


Reveoge 


800 




245 


55-33 


»• 


Atlas 


800 




245 


55-75 


»• 


Anron 


800 




425 


55-75 


ft 


DcfiaDce 


800 




245 


55-75 


• » • 


CscKar 


400 




208 


56-00 


not known 


Algiers 


600 




219 


60-00 


»t 


Agamemiura 


600 




230 


55-42 


99 


Exmoath 


400 




204 


60-33 


>ff 


Hannibal 


450 




218 


60-00 


• t 


Princess Royal 


400 




217 


58-10 


'4916 


Crewy 

Majestic 

Goliath 


400 


80 


199 


55-00 


8938 


400 


80 


190 


57-00 


aotkaewa 


400 


80 


190 


56*75 


99 


Meeanee 


400 


80 


190 


56-75 


ft 


Colossus 


400 


80 


190 


56.75 


•t 


Mars .. /. 


400 


80 


190 


56-75 


ft 


LaHogue 

Blenheim 


450 


60 


,184 


47-66 


ft 


450 


60 


181 


47-66 


t» 



The speed of the * Renown' is aboat 12 knots per hour, but there is agraal 
inequality of speod in the lino-of-batdo steamers of the British nary. 
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^\n the construction of a ship-of-war everything 
should have ultimate reference to one object only — 
die use of the guns — by which alone important results 
an to be accomplished ; and the ship is to be placed 
M speedily as possible in presence of the enemy, or 
beyond his reach, according to circumstances. The 
importance of superior speed cannot bo too highly 
estimated : of two ships ol war which may be equal in 
every other respect, tnat which has the greatest speed 
has a decided advantage over the other, and in an 
action is most sure to win. With respect to the relative 
efficiency of steam iand wind, it is impossible any 
longer to regard the unsteady and uncertain power of 
ike wind as any more than an auxiliary to oe occa- 
sbnally emplovcd in subordination to steam, and chiefly 
fixr the sake of economizing fuel. 
*^ Hie fleet which, in anticipating the manoeuvres of 
ike enemy, or in manoDuvring itself to get into action 
(perhaps on a flank of its opponent), can put forth the 
greatest steam-power, possesses a decided advantage 
over the other, for which no tactical skill on the part 
of its commander can compensate/ In the formation of 
the steam navy of Great Britain this subject, which is 
one of the utmost importance, has not, apparently, been 
duly considered ; and there is reason to believe that 
ike general speed of a brge fleet of French steamers is 
superior to that of a Britisn fleet consisting of an equal 
number of ships. We have the testimony of Admiral 
Be la Graviere to the importance which the French 
naval officers attach to superior swiftness in sailing- 
ships and steamers, in the subjoined quotation from his 
work, entitled * Guerres Maritimes.* ^ 



• ^ht^TKfUM itwoi batimcnt 4 h^lioe tfUnt vn det prindimnz MtaaM do 
m imiiiinni mfliuiw, loos IfliiMinMuiz not aUnm^i eo pracnoe do reDnemi, 
oi loo Ibox wito k «tro povot^ m pioniior oignol on on momoQi fiiToimblo."— 
JfMitfrv lb loJfoTiM elite CbbiiiM^-'IiiolniolkiioOflkioQoonirUTkolkiiio 
SoTil^* Aft If ^ p. 49. • ^ 

^ ** I* morefao da noTiio, no FoiibUooo poo» ool U oooditkii trntrnMh pov 
«M Boriiio onj oo< > 4 Uoiifor loojoiiro ronnemi on noiiibio. 

«* Ia TilMo d« noTiio llMl adnioo oommo iin dco 011000 ko iihio cert^ 
snkb tMlMKtiit ifoOoiov I^Tiyoor.qali OBmkoonMAioa 4oQn 
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101. The operation of changing the diiection of the 
fronts by a movement on the centre, is higfal/ obfeetkni- 
able with a fleet of steamexs ; ance, in uirowing hade 
a wing, the movement must be effected either hj badc- 
ing the steamers or by revernn^ (coontermaiehing^ 
them« The first of these methods is inexpedient^ whibt 
the other is extremely difficult to peitorm in cood 
order, and is likely to produce confnsiony of wnidi 
an intelligent enemy will not £adl to take advantage. 
It follows that the measure of placing the slowest- 
going ships in the centre of the line, and the fiistest 
on the £auks, on the ground that the flank ships 
have the greatest distances to pass over, is not to bo 
recommended. A change of direction should be made 
by wheeling on a flank ship as a moving {)ivot.* 
i^^ 102. All tactical evolutions of fleets consisting wholly 
of steamers, or of these in combination with ships pro- 
vided both with steam and sails, should be made under 
/steam exclusively ; since the employment of steam-pro- 
pulBion in some only of the ships woiild necessarily 
subject the whole to all the limitations imposed by the 
wind. The tactics of sfbam-fleets constitute a new art 
which is capable of producing great effects ; but if these 
are combined with the tactics of sailing-fleets, the 
peculiar advantages of steam-propulsion will be wholly, 
or in a great measure, neutralized. 

103, The vitality of a screw steam-ship with its 
sails furled, will depend cntirelv upon the unimpaired 
efficiency of its machinery ; but the liability of a 
screw to be broken or fouled, by sjpars, ropes, or other 
materials, is a very serious contingency, which in a 
battle is very likely to occur (see Art. 77). The 
deeds to bo accomplished by colossal fleets will depend 
upon the efficiency of the screw, just as the success 



vingtibme aimoment, dovraiti en sortont da port, 6tre appeU k fain aos 

Sreuvca do Titcsse dcvant uno oommission qui p(kt le oomparor k on baUmeoi 
e la floU4) doQt let quality seraicnt iooontcttablet.*-— Dx la GEAYiiB% 
* Quorros Maritimet,* torn, it pp. 278, 279. 

• For doUila of tho maxMBUTTe, aoo Biddleoombo't ^Steam-Fleet T•ctiQ^* 
pp. 16, 16. 

2 
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of the bombardment of a fortress depends upon the 
fiizes of shells duly performing their office ; and the 
failnre of a screw may defeat the execution of a great 
David operation, should such an accident happen to 
any of the ships of a steam-fleet, when keeping a course 
upon which the sails cannot act ; for, unless the course 
m the fleet be changed to that on which the sails of 
the ships with disabled screws can receive the impulse 
of the wind, these last must be captured : such a com- 
bination of the moving powers, wind and steam, is, 
however^ subject to the disadvantages alluded to in the 
preceding article/ 
j/ 104. Since, for the reasons stated in Art. 98, the use 
of sails cannot, in steam-fleets, be at present dispensed 
withy there may still be, in naval warfare, opportunities 
when engaging an enemy's ships, of bringing down by 
shot some of their masts and ng^ng before coming to 
dose action, and thus of increasmg the probability of 
disabling their screws in conseauence of the falling 
spars and fragments of sails and ropes becoming en- 
tangled with them. 

^e battle over, the fleet must, or should, pass from 
steaming to sailing, in order to economize fuel, which 
may be wholly or nearly exhausted during the action ; 
the like expenditure of fuel may have taken place in 
ike enemy s fleets and this, together with the dis- 
mantling effects produced upon the rigging of his 
■hips, will impede or prevent his escape. Both sailing 
ana steaming power, in the same ship, must therefore 
be always kept in a state of efficiency. In the early 



* Such a omo oocurrcd la the mi?al action whicli took ptoeo Apnl 11th, 
1191m On th« iwvording day it waa obeenrcd that two French thii*, which 
had hcen mrtiaUy dismasted darina tlio action of the 0th, had iallen to lee- 
WBid aC their fleet, when Admiral Kodnej having siren, hy ngnal, the older 
lor a fBBcral diaee. the Agamemnon and nme other weathermoet ihipa sained 
m andi on Um diMhled rtmcU that three misht hare hem immcdtate ly 
In Um endearoor to mto them, M. & Onam felt obliged to bear 



don tofwaida them with all hia thipa : he waa thne thrown quite to leeward 
oC tha Britteh fleeli and, in thia vnfaTonrabla portion, ha conld no longer 
•Poida Mneial aotion. (Sea •Naval Brolntione,* by tI>o aathor.) A oooh 
krMvoedbto an mpaameni ia alrea47 half doioatod, and tha inoaoC 
'i battle iiiniU known. 
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days of steam-propulsion, it was imagined by Paixhana 
and Others, that a few small steamers, with little or no 
sailing power, might destroy or capture any ship if 
properly attacked on her weak points ; and this is true 
in calms, and of operations in inland seas and waten^ 
in which fleets ot large ships of war can neither 
manoeuvre, nor follow vessels of small draught of water 
into shallow creeks or channels. But for steam-war&re 
on the ocean, ships must be rigged and equipped with 
full sailing-power, and, consequently, fully manned with 
able seamen as before ; and thus, nautical skill and good 
practical seamanship will be as necessary as ever to 
steam-fleets, and will continue to tell, as heretofore, in 
favour of that party which is most proficient in nautical ' 
skill and expert seamanship. It must not therefore he 
assumed, in preparing for steam-warfare, that tlie sail 
will be entirely supplanted by steam, or that steam 
fleets may dispense with crews of able seamen. 

105. iNo more striking illustration of the importance 
of good seamanship can be offered than that which 
recently appeared in the columns of the * Times,' where 
the passage of the Channel fleet from Queenstown to 
Portland, during that fearful storm in which the * Royal 
Charter* was wrecked (October 1859) is graphically 
described. This appears to have been one of the most 
violent tornados tnat has been experienced on our 
coasts, but, by sail and steam, — through the nautical 
skill of the ofiicers, nobly seconded by the devoted 
exertions of the seamen during showers of hail and 
sleet,— the fleet, preserving the order of battle, happily 
arrived at the destined port. 

It is evident, from the description given, that our 
ships and seamen still maintain their ancient character, 
ana that steam and gunnery, however prominent they 
may appear, have not superseded those original elements 
of excellence which gave the British navy its renown. 
It is also plain from this event, that seamanship is still 
an indispensable condition in nautical efficiency. Pro- 
fessional skill alone carried the fleet safely through 
those twenty-four hours of peril. 
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Steam can never be more than an anxiliary to the 
nil, since, as has been said, no steam ship of war as 
yet built can carry more coal than would suffice for a 
few days' consumption: these must therefore be re- 
wnred for the time of an engagement ; and, during 
almost the whole of a cniise, the ship or fleet must 
depend upon the use of the sails. 

In the author's Tract on the Naval and Internal 
Defence of the Country, forming a part of his * Obser- 
vations on Modem Systems of Fortification/ and now 
published in a separate form, it is stated that gun-boats, 
though of the utmost importance for the defence of our 
coasts and harbours, cannot supersede our magnificent 
line-of-battle ships and frigates ; and it is most gratify- 
ing that we have now one fleet of such ships in. the 
Channel, and another in the Mediterranean, and that 
we are daily making progress in augmenting the num- 
ber of those mighty structures. 

106. A smooth sea and no wind is always propitious 
for steaming and for good gunnery ; but, in a perfect 
calm, contending fleets would be enveloped in such 
dense clouds of vapour and smoke that neither the 
ships nor the siraals of the chiefs could be seen ; this dis- 
advantage is felt even when a gentle breeze is blowing ; 
and, in this case, it is more or less favourable or un- 
&vourable to either fleet accordingly as it may be placed 
with respect to the direction of the wind.— (Paul Hoste, 
Translated b^r Capt Boswall, R.N., pp. 23 to 27.") 

The direction and force of the wind, and tnereby 
the setting and amount of the swell, though immaterial 
to the progress of steam-ships, are important disturb- 
ances to the practice of gunnery. With the swell 
abeam, or a cross-swell, the rolling motion of a heavily- 
masted steam-ship with the sails furled, will be far 
greater and more rapid than it would bo when those 
motions are checked by sails. The gunnery of a steam 
fleets will not| therefore, excepting in a smooth sea, be 
m efficient as that of a fleet of sailingHships ; and it 
win require aU the skill and tact of well-trained seamen- 
gannen^ to watch the roll and catch the proper moment 
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of pullinp^ the trigger^line. See ^ Naval GmmeiT/ 
Part IV. Sect iv. (5th edit) 

107. The movemcnto of steam fleets may, like ihoee 
of armies, be conducted on tactical pnnciples best 
adiaptcd to the great end of all preliminaiy manceiiyres 
— the formation for battle in the most simple, speedy, 
and precise manner. This power of executing the evo- 
lutions of fleets and armies on the same tactical prin- 
ciples, cannot but be considered as one of the greatest 
benefits which will result from the application of steam- 
propulsion in naval warfare. 

Iho intended formation may, in all cases, bo accom- 
plished by steam-fleets, with as much precision as tlie for- 
mation of an army on land, and with the like regard to 
the avoidance of a premature display of the whole force, 
or a disclosure of the intentions of the commander/ 

108. Tliis avoidance is seldom possible with fleets of 
sailing-ships : the complicated manouvres, and the time 
required to execute the formation of columns, or divi- 
sions, of ships into one long line of battle in presence of 
an enemy, particularly if he bo to windward, are snch, 
tliat, fearful of being attacked while the evolutions are 
being made, fleets of sailing-ships are generally ex- 
tended into line, before it is tactically prudent, or, with 
steamers, necessary to do so.* 

109. In exemplification of the complexity of the evo- 
lutions required in forming a line of battle, let it be 
supposed that a fleet, sailing upon a wind in three 

}>arallel columns, each in line anead, is signalled to 
brm line upon the centre column — and this is a forma- 



* *< Un ^6T\6nX habilo ct ticticicn, R*il («t dans la neoesnittf do roccvoir nne ba- 
taillc, nc <l^n^a»f[ucra Ka diKiwsition do dcfoiijic qw'aprto quMl aura rcoonnn let 
pointR oh rcDncmi vent fairo cflfort. II ticiMira son armeo en oolonnca sur 1o 
champ do bataillo qu'il dovra occapcr, afin do ne determiner la irpartition de 
set troupes quo sur cello dcs trou|>es do Vcnncmu^-^O uiberit vol. ii. p. 1S5.^ 

^ Numerous instances of the difficuUjr, uncertaintjr, and the time required 
to form sailing-ships into line of battle, may be met with in naral history. In 
the action between the Brilish and French fleets in the East Indict, in 1782» 
Sir Eilward Hughes, seeing that Admiral Sufircin was bearing down upon 
him, made the signal at daylight to form line ahead, bat| on aooonnt of Um 
fiuiable stata of the wind, the line could not be formed befoce eight o'doek. 
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tion which can be more rapidly executed than one 
upon either of the other columns — the windward divi- 
* non bears down and forms line ahead of the central 
diviaon ; the ships of the lee division tack, simulta- 
neouslyy and stana on, till they fetcli into the wake of 
the division to be formed upon ; and then, tacking again, 
proceed as quickly as possible to close to their stations 
m the new hne. If the formation is to be made on the 
windward division, the process is still more complicated 
and protracted : both the centre and rear divisions tack 
amultaneously, and, when they have fetdied^ in succes- 
aon, into the wake of the windward division, tack again, 
and close to their stations in the new line ; thus having 
to make two tacks and two '' hoards ;*' passing tlierefore 
over two sides of a triangle instead of one, and being 
at the same time subject to the contingencies of the 
wind In steam-fleets this operation may be simply 
executed by its ships proceeding rapidly and with cer- 
tainty in diagonal lines to take their proper places. 

110. These and all other formations may be executed 
with so much certainty and celerity by steam-fleets at 
any time, tliat the practice of extending ships into line, 
and particularly into a single line of battle, as soon as, 
or even before, the fleets come into the presence of each 
other, will be renounced in naval, as it has long since 
been in military, tactics. Well-exercised steam-fleets, 
like well-trained armies in the field, if skilfully com- 
manded, should be kept concentrated in columns, or 
lines of bearing en Meian^ so disposed as to be under the 
eye of the commander, and* within good signalling dis- 
tance, ever ready to execute the movements which he 
may order. 

111. Modem military science renounces the practice 
of fighting in parallel order, line a^inst line, multitude 
andnst multitude, ignorance against chance; and it 
aontitatea for that rude and primitive formation, 
the more skilful and less sangmnarv methods which 
were practised with splendid success during the Seven 
Yean War, and have since been almost invariably 
adopted. This method consists in turning the enemy^ 
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flank by an oblique movement, in attacking him while 
on a march ; or, by tactical combinations, bringing a 
vastly superior force upon the point attacked/ 

Naval officers of the old school, when ships were the 
slaves of the wind, may at first sight be di^>08ed to le* 

})udiate, perhaps to ridicule, the adoption m their pro- 
cssion, of the principles of military movements and foi^ 
mations, as recommended and expounded by the author. 
But moved as fleets will hereafter be by the obedient 
agency of steam, so that the station of each ship in a fleet, 
and the time tb be occupied in performing any evolution^ 
can be determined with as much exactness as the post 
of a regiment or brigade in an army, and the time 
required to arrive at it; it must follow that the evola« 
tions of ships of war will be susceptible of being exe* 
cuted with a precision hitherto unimown in tiie naval 
service. 

A distinguished and skilful admiral in the British 
navy has not onl^ anticipated but met a total change 
in our naval tactics in tliis respect, and has recognised 
the military character which naval operations will 
aissunie from the introduction of steam-propulsion. In 
a tract published by Admiral Bowles, 0,B., in 1846,* 
that gallant officer observed, that we had then arrived 
at a new era, in which steam would enable naval com- 
manders to conduct their operations and manosuvres 
on military and scientific principles ; that fleets, moving 
by a force beyond the influence of wind and weather, 
would have it in their power to attack, or repulse an 
enemy in a manner hitherto unknown in naval actions ; 
that an admiral by keeping his ships together in a col- 
lected and manageable order, and sKilfuliy manoeuvred, 
could prevent the recurrence of the many indecisive and 
unsuccessful naval engagements of times past ; and he 



* Thus Frederick II. defeated tlie French army at Hossbach with the Iocs of 
only 500 men, killed and wounded, while the French Ices amounted to 3000 
men, killed and wounded, and 5000 taken priflonera. Thua alao, Napoleon I. 
defeated the combined Auatriaa and Russian armici at Auaterlits. — (See slao 
Guiiert, vol. ii. p. 187.) 

^ * Euay on NaTal Tactics,* Ridgway, 1846. 
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oonclodes that yery able tract, by obeorvin^ that, as in 
an army, so in a fleet, the force would be handled in snch 
way as to bring the fleet into action so as to enable it 
to exert its powers with the most decisive advantage. 
To this high authority may be added that of Captain 
Dahlgren, U. S. Navy,* who observes that the prin- 
dples of military tactics will, hereafter, enter lai^ly 
into the manoeuvres of fleets. 

112. The rude practice of forming a fleet for battle 
in one long line, has hitherto prevailed in naval warfare, 
on account, chiefly, of the difliculties and uncertainties 
imposed by the wind, in executing compound evolutions 
with sailing sliips. These difliculties will not exist for 
fleets consisting wholly of steam-ships. Armies in the 
field move in as many columns as there may be prac- 
ticable roads, or opened routes leading to the point at 
which the intended deployment in order of battle is 
to take place ; but at sea a steam-fleet may always bo 
moved in as many columns as there are divisions in its 
formation, and each ship of a fleet may be considered as 
corresponding to a battalion in a land army. 

113. There is this difference, however : — a fleet in 
line ahead, moving parallel to an enemy's line, is 
making a flank movement^ and is at the same time in 
line of battle, wliich is not the case with an army 
making a flank movement. A fleet in line abreast 
is. in an important order of steaming; and though 
it is not, properly speaking, in order of battle, yet ships 
inr that position may commence action, each with the fire 
ct seven or nine powerful bow-^ns, and are quite in 
readiness to form ichelon of snips or line ahead^ for 
offensive or defensive measures, ns the case may require, 
hf a nmple movement of each ship. 

. 1 14. The columns of a steam-fleet should be arranged 
in twtf lines of bearing, makinc^ with each other an angle 
of 8 pcnnts, or 90^ ; the lines being formed on a central 
Aijx which is commonly distinguished by the flag of a 
ihwifoul admiral or other squadron oflScer. The flag- 

• «81i8aiMid8MI-fni,* ^iH. 
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ship of the admiral commanding in chief is posted as 
U8u<al in the centre of his fleets unless he should quit that 
position and take' post at the head of either squadron, the 
better to superintend and direct the execution of his 
plans of operation. In so doing, be it observed, he 
ought not to supersede the divisional officer command- 
ing the squadron to which he may repair ; for, in no 
case, should the commander-in-chief be burthened with * 
the details of any divisional movements. The position 
which the flaff-ship before occupied is to be supplied by 
a ship of the line placed behina the admiral's flagship, 
and bearing the same number ; this is called the dupli- 
cate or substitute vessel, being a substitute for that of 
the admiral, and distinguished by the divisional flag 
of the squadron to which she belongs.* 

115. A fleet steaming in divisions, each formed in 
a double column of ships in lines of bearing, having its 
advanced posts of steam-sloops, with supports of steam- 
frigates, considerably in advance, and a reserve of swift 
ships of the line (fig. 8, p. 1 12), possesses great military 
strength, from the reciprocal defence which the 
shins afford to each otber, as shown by the lines 
of nre (figs. 13 and 14, p. 118), and could not be broken 
in upon by an enemy without severe loss and much 
danger to himself. This order of steaming is moreover 
admirably calculated to take immediate advantage of 
any error or false movement on the part of the enemy, 
by the prompt convertibility of the columns severally 
into lines en ^cltelorij and the formation of the whole 
into order of battle in any direction. 

Line may be formed in the direction A B (fig. 8), by 
bringing up the heads of the three columns, /, n, />, into 
that alignment, and then forming them into lines on 
their respective centre ships ; or, should an enemy appear 
on the starboard or N.E. quarter, the left column (l) 
should be brought up to m and the whole form i^chelon 



* This 18 now tho French pmctioo. — (IkUatOeg di Mer^ par rAmiml Comto 
Bouct WilUnroets, p. 421 ; dz. 4S« p. 423.) It would be preferablo to oOl 
up M lin&^f-btMe ihip from ib« num^ \o i«rt« «a^^ vQ\M»iNMXjt i&ak^ 
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of diyinoDS in line, by moving np the port branches of 
Cttch doaUe oolnmn into line with their reflrpective 
staxboaid faranchefly and so be in a position either to 



Fif.a. 




/'. 



Sect. U. MOVEMENTS OF FLEET& 113 

form line in tho direction G D, or by chuimn^ the 
courses of ships to the N.E., form line to the right in the 
direction E F. In like manner the fleet mKj form line 
to the lefty or port, should the appearance of the enenqr 
be in that quarter. 

116. Columns of ships in performing evolutions to be 
followed by formations on a front line, as with armieii 
should have little depth, in order that the line mav be 
formed as speedily as possible. Now columns of ships 
ranged in line ahead cannot Pig. 9. 
be closer in file than, at i 

lea8t,onccable'8length(720 . ^ , ^*-*^ 

feet), without the risk of 4 ^ 

getting foul of one another; ^ ^ i ^ ^ a 

and assuming each ship to t • . * ^ 

be 250 feet lon^, a squad- w 

ron of 7 ships m a double column, line ahead formed 




would only extend in depth 330 yards. 

117. The order of sailing in line of bearing is, 
perhaps, by the reciprocal defence which the ships 
afford each other, that alone which can properly be con- 
sidered as founded on sound tactical principles. But 
this order is, with sailing-ships, restricted to particular 
cases, being dependent on the wind, and is with diffi- 
culty retained; while, by the agency of steam, the 
obliaue order ^ and echelon formations are at all times 
possible and easily put in practice, and should be gene- 
rally used not only in orders of movement, but in 
anchoring the ships of a fleet in line of bearing athwart 



* Lines of bearing, when the ships are disposed en ^helon, are oonimool/ 
called by seamen bmo and quarter lines ; because, by the obliquity of the shlf s 
to the general line of their direction, the bow and uie quarter of each ship an 
brought respectively opposite the auarter and bow of that which is nearest to it. 

^ '* L'ordre oblique est Tordro ae bataille lo plus usittf, le plus savant, oi lo 
plus susceptible de oombinaisons.**— ((?ti»&er<, vol. ii. p. 73.) This is odd of 
armies on land ; and the same may bo predicate<l of steam-fleets in oblique and 
Echelon formations' at sea.— (See DaiaiUu d% Ttrv §i dt Mer^ by M. Booei d» 
Wmamneti,p.425.) 
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the wind or the tide, so that no ship can drive on the 
hawse of another. Those orders, and the movements 
arising from them, will therefore, no doubt, be hence- 
forth generally us^ in naval warfare between steam* 
fleets.* 

118. In the tactics of sailing-fleets the lines of bearing 
were confined to the two close-hauled lines, in cither 
of which the ships might be ranged in line ahead, or 
en echelon, on the same tack, at six points from the 
wind« Thus the ships might be in line ahead, as at 
A B (fig. 11), or on the same tack (starboard) in the 



•'■i^ 









line of bearing A C ; or they might be in line ahead, 
as at D E, or on the same tack (port) in the line of 
bearing D F. From either of these positions the whole 
may be formed in order of battle on either tack, by 
caosine the ships en ^helon, A C, D F, to form line, in 
learof ABor DE. 

But no movement to windward of the close-hauled 
lines could be made by sailing-ships, except by the slow 
process of tacking and fetching^p against the wind ; 
therefore, within we space contained oetween the two 
dose-hauled lines, forming with each other an angle 
equal to 12 points of the compass or 135% saiUng-ships 
have not the power of making any direct attack upon, 
or any movement towards, the enemy. 

119. A fleet ranged thus might sail, with the wind, 

• yior aoiM HhiabU nnwlu od aodioriig m* * PlietiaU RcoMrks od * few 
priBli ralntifv lo atcM-TflMlt* ia the jonMl of the United Senriee laetits- 
lio^ ^qL ii. ^ UO^ ^ Mr. Biddlecoaibe. 
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suppose at nortli, on any course from E.N.E. round by 
the south, and from thence haul up to W.N.W. ; but 
here the use of the sail ceases, and that of steam-pro- 
pulsion continues or may commence. Steam-ships can 
manoeuvre in any dii*ection, in calms, and up to the 
wind's eye; and a well-constituted and skilfully-ooxn- 
manded steam-fleet mi^ht, by acting in the space, or 
on courses where a saihng-fleet cannot manoeuvre, sink, 
bum, or capture the ships of such a fleet even of fiur 
superior force. 

120. The order of retreat before the wind, on two 
lines of bearing, making with each other an .angle of 
135^, is represented in fig. 12, from which it may 



Fig. 13. 
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be seen, by the lines of fire, how the ships defend each 
other towards the. rear, reciprocally, and check the 
enemy's pursuit by the fires of their respective stem 
batteries; and likewise how strong this order is on 
both flanks by the crossing of the stem fires with both 
the broadside batteries of the ship at the angle, and 
with the outward broadsides fires of all the other ships 
in this order. 

The invention of this order of retreat has been erro- 
neously stated to be of very recent date; but the 
readeir will find that it is fully described by Paul Hosto 
in his Treatise (p. 42, Captain BoswaUs Translation), 
as that which was practised by Van Tromp in the naval 
combat off Portland in 1653. The retreat of Admiral 
ComwalKs, in 1796, was also conducted on this priii- 
ciple. (James, vol. i. p. 240.) 
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121. Paul Hoste, sensible that the order of sailing 
in two lines of bearing forming with each other an 
angle of 135% is too extended, states that the win^ 
should be brought closer together : this observation is 
TD^ and may oe acted on with a fleet of steamers. 
WiUi a sailing-fleet it would be impossible without 
abandoning the principle on which the order of retreat 
is founded; an adherence to which is indispensable for 
a sailing-fleet, in order, as has been said, that the ships 
in either wing may form line of battle ahead, simply 
by hauling-up on the starboard or port tack, as the case 
may be. 

In a fleet of steamers, it were better that the angle 
between the two lines of bearing should be not greater 
than one of 90""; it might even be less, except for 
that case in which a convoy is to be protected be- 
tween the wings, as in Van Tromp*s retreat above 
referred to. 

122. SailingHships arc so liable fo be dismantled 
in their rig^ng and sails ; and such is the difficulty of 
regulating their speed when sailing free^ hy bracing by 
or other complicated manipulations of the sail, that these 
nice and delicate formations could not be precisely 
executed, and therefore were rarely attempted.* 

The ships of a fleet sailing in line of bearing will, 
with great difficulty, maintain their positions with 
respect to each other,* and will be very likely thrown 
into confusion ; but this order may be preserved with 
the utmost precision by steam fleets moving on lines of 
bearing ; and, with ^reat facility, the courses may be 
changed into directions perpendicular or oblique to 



* Few iottaooM can be found in the nariil bUfcniy of the war arising ont of 
tka graai Freodi Revolution, in which the formatioQ of a 6cet in line of beu^ 
iBg waa rcactiaed in pwarnca of the meroT, on aooonnt of (he difficulty of 
■MMeoTras the sailing^ipa. On the 31st llaj, 1704, Lord Howe, having 
■ttde the stpial for the ahipa of his fleet to oome to the wind toprther on the 
iMboaid taci^ aoon aaerwaida made the aipud to form the Urbnard line of 
tMrlnj : aad in thfo ofder he edford down towards the enemj for the parpnse 
«CeBM{nf hkna,eeBti«b nd rear al the aame time ; Imt many of the Bntish 
aU^^Tbeteg slow saQera, foil so for astern that, alUKm^ a vscomX aetioQ 
aidii baf<a been bronghton thai erc&fais had there been no slow ships, the 
BMA Admiial wm M\^ to postrooe the battle to the Mii day. 

» IM Hattab 'Ksval IMkib* tiaadalad Igr Oiptaia Bovrall, R.K^ cb. 8. 
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such lines. Stcam-flcets and squadrons of eyolution 
should be often exercised in these movements, since 
such will undoubtedly be of frequent occurrence, and 
will have to be executed with the utmost precision, in 
the event of a war taking place;* and the subject 
deserves, therefore, the attentive consideration of the 
naval administration in this country. The large fleets 
that were employed in the Baltic and in the Black 
Sea during the late war, being enga^d in particular 
services, which were rather of a military than of a 
naval character, it was impossible for them to practise 
steam-evolutions, even if the fleets had been entirely com- 
jx)sed of steam-ships, which was far from being the case. 

123. The defensive order of sailing in double 
echelon, which, in the tactics of sailing-fleets, could 
only be used to cover the retreat of a fleet sailing free, 
or before the wind, may, with a steam-fleet, be con- 
verted into an offensive fbnnation resembling the work 
called a redan in field fortifications ; and such a dispo- 
sition of the ships maybe applied in advance of a naval 
line of battle with gicat advantage. 

124. In land formations a simple redan is extremely 
defective ; without flanks the sectoral space before its 
salient angle is undefended, and its faces are unpro- 
tected by collateral fires. But the formation in a 
double echelon, consisting of 3, 5, or any other uneven 
number of ships, like a redan with parajx^ts en cre^ 
viaillerej has, on the contrary, great strength. The 
space before the salient angle A (figs. 13 and 14, p. 118) 
is defended by the fire of the powerful bow-guns of all 
the ships in the formation, whilst both broadsides of 
the ship at A, together with the outside broadside 
batteries of the ships in both wings, defend the heads 
of the ships next astern. 

When this angular formation is applied in front of, 
and to strengthen the positions of fleets, as redans are, 

* " Get ordre (on Echelon) est difficile i obsenrer, mais il est utile dc le raidrt 
familier aux vaisecaux d*une flotte i rapeur, ksquelt eenmt appel^ a le 
pratiquer dans ics Evolutions navales."— (Bouei de Willaumetx, BatatOtM sle 
Afer,) 

n 
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in military defences, to strengthen other works, the 
Mlient angle need not be greater than GO"', or a little 



F^lS. 



Fig. u. 




more than 5^ points of the compass, as in fig. 13. But 
when applied to the formation of double columns in the 
movements of lleets, as shown in fig. 8, p. 1 1 2, tlie salient 
angle should contain 8 points (a right angle), as in 
(ig. 14, the better to provide for the military strength 
of that order of steamuig, by the flanked and flanking 
branches of the double columns (as the right of n and 
the lefl of/?, fig. 8^ being i>erpendicular to each other. 
125. The French are good theoretical tacticians and 
skilful practitioners of the modem science of war ; and 
if Guibert's essay on the Tactics of Armies be de- 
nominated the best commentary that has appeared 
on the tactics of land armies, it may with enuat truth 
be said that Paul Hostess treatise of Naval Warfare is 
the root from which all subsequent writing on that 
fliabiect have sprung. Now the celerity and precision 
with which steam-fleets may execute any evolutions 
whatever will, hereafter, allow the principles of tactics 
on land to be applied to the movements of ship on the 
ocean, with this advantage on the side of the naval 
operations, that the inequalities of ground, which so 
Kriously embarrass the manoouvres of troops, do not 
exist at sea. The author, therefore, proposes to estab- 
lish the analogy between the tactics of armies in the 
field, and those of steam-fleets on the ocean, with the 
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view of drawing from that analogy sucli lessons as may 
bo found useful in naval warfare. 

12G. An eminent military tactician has well said 
that the art of fortification and that of field-tactics are 
intimately connected witli each otlier (Guibcrt, vol. ii., 
p, 194^ ; and tliat the latter derives many of its 
principles from the art of constructing permanent for- 
tresses. In bothy the important object is to dispose the 
parts, whether works or bodies of troops, so that tliey 
may mutually protect each other ; and he infers that, 
to \)e a goocl tactician in the field, a knowledge of 
military engineering is necessary. Of a good naval 
tactician it may be said, in like manner, that he should 
so dispose the ships of a fleet that they may mutually 
protoct one another. 

Recii^rocal defence is obtained in the construction of 
military works by breaking the line of front into angular 
fonnations, so as to permit some of the parts to defend 
others bv lines of nre parallel, or nearly so, to these 
last, and reciprocally to be defended in a similar 
manner by the others. There is no difficulty in apply- 
ing this principle to naval formations, since, whatever 
hQ the order of steaming, the ships must always bo 

5)arallel to each other ; and St is only necessary, there- 
. ore, to place some of the ships en echelon on each flank, 
as shown at C D and E F, fig. 15. 

Fig. 15. 



2S87 YARDt. 



Eanged in this order, a powerful defence is obtained 
by the ^broadside fire of the shii^s en echelon on either 
^ving, and by the crossing fire from the bows of the 
ships in line abreast. When the enemy approaches 
near the fleet, the order of the main body, E D, should 

II 2 
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be changed into line ahead, a movement analogous to 
the deployment of columns of troops into line of battle : 
the ships in this order may then use their broadside 
batteries, as the deployed line of troops would use its 
direct fire ; while tno body of the fleet will be power- 
fully protected by the crossing fires from the bow and 
stem batteries of the ships in the wing^, as the line of 
troops would be protected by the batteries on its flanks. 

127. As the formation of the line of battle en echelon, 
ofTensive or defensive, may appear at first sight difficult 
of execution, and even to l>e not admissible, it is proposed 
here to examine minutely the conditions of the. case ; 
and the author trusts that he shall be able to show that 
the manoeuvre is easy with a fleet of steam-ships, and that 
it has great advantages over the formation in line ahead. 

(1). Steam-ships may preserve the echelon order with 
ereat facility and precision, since the manceuvre will 
depend only on keeping, by the compass,* all the ships 
on the same line ot baring and on the same course ; 
and this can be done even at night, or when the ships 
are enveloped in smoke : the lofty masts of the adjacent 
ships will always be guides by which to keep m the 
echelon position. 



(2). Ships so ranged are in no danger of being fired 
into by those on their right or lefl. For let the four 
ships Ay Bp C, D, fig. 16, be considered as a portion of a 



* As the fwmr iiW M ia the diflcreni thipt mtj diffnr fnm cm anoUwr on 
of the wkble aetioa of the iron in the ihip oo the McdliL or fram 

H b trideol tba the coBipeMe ia the ihiisriioiild te oi(i«i 4 

' ^ •IfDd, asd, if seoMMiy, oofifoldL 
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fleet in the line of bearing E F, east and west, while 
the slups are steaming on N.E. courses, the intervals 
between the ships being 970 feet, measurine from the 
centre of one ship to that of the next in the hne ;^ th^i 
the direct fire from the bow-guns of either ship will 
cross the fire from the midship broadside-guns of the 
next ship on the bow, at not less than 420 feet from 
each ship, even if that fire be perpendicular to her 
course. The bow-guns of ships ranged in tlus order 
should fire only solid shot, in order to avoid any risk of 
injury from the splinters of shells that may breaic in the 

funs. Shells may, however, be fired from the outward 
roadside-batteries of ships, provided, to avoid the 
risk of injuring the nearest ships, the guns are trained 
so as to fire before the beam. 

(3.) Every line-of-battle ship carries on each of her 
fighting-decks, and on her forecastle, two bow-eons, 
which cannot be used in line of battle ahead ; while, in 
the echelon order of battle, the gims on the starboard 
bow, together with all those on the port bow, which 
cannot take part in broadside action, would be of 
efficient use in increasing the gunnery powei of the 
shin.** 

Ships steaming in this order, not being in the wake of 
each other, cannot get foul cither by drawing ahead or 
lagging astern, and would, therefore, avoid any wrecks 
of ropes, spars, or sails, shot away from other ships, 
which, if in line ahead, would drift into the courses of 
the ships astern and foul their screws. Each ship 
should, it is obvious, take as much care as possible to 
prevent its screw from being fouled by the wrecks of 

* This (liHtAncc is given on tho supposition that the distance between two 
ships in lino ahcxtd is 720 feet, a cable's length, measuring from the head of 
one to the sterq of the next in front, to which is added balfUie length of each 
of two nearest ships, considered as equal to 125 feet : thus making up tho 
space between the centres of every two ships in the line ahead. 

^ In a fleet consisting of twenty sail of the line, two-deokeis, tho bow-gnns 
which may thus be brought into action may amount to 180. If there are an/ 
three-deckers in the fleet, the efficient bow-guns, may amount to even a greater 
number. An account of all the new rifled cannon, together with a aectioii 
on the armament of steam ships, will be found in the new editioo (the filth) 
of tho author's * Treatise oq Naval Gunnery.* 
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its own rigging, by keeping them, as mucli as possible, 
in-board, or, at least, out of its wake. 

128. A number of ships disposed en echelon on any 
line of bearing may, therefore, be assimilated to a chain 
of redoubts, or a lino of entrenchment en cremaillire^ 
or to bodies of infantry in squares, with diaj^onals 
parallel to the front ; and may tnus, by means of their 
DOw-guns and their broadside batteries, defend each 
other reciprocally — the stronger points of one ship 
defending the weaker points of another, as in fig. 15, 
p. 119, and in fig. 18, p. 126. 

129. Small steamers armed at the bow and stern 
should always act in pairs, whether for attack or 
defence. So associated, two vessels, with less expendi- 
ture in men and material, will, by the reciprocal de- 
fence wliich they may afford each other, ana by their 
power of rapidly changing their positions as circum- 
stances may require, be more formidable than one ship 
wliich is double the size of either, and, if well managea, 
they would be an overmatch for such a ship. 

130. A line-of-battle ship fully armed at bow and 
stem, as well as on her broadsides, has no dead points, 
since she can bring guns to bear in every direction 
about her. The bows of such ships are armed with a 
G8-pounder solid-shot pivot-ffun, and there are, besides, 
four bow-guns on each decK. The trunk, or aperture 
through which the screw is hoisted up in order to be 
repai]^ or replaced (Art GO), interferes with the arma- 
ment of line-of-battle ships, where the free use of two 
guns on each deck is, on this account, greatly impeded ; 
consequently there may be said to be only two stem- 
guns on each deck wliich are wholly effective.* Thus 
the bow-batteries of a two-decked ship consist of nino 
heavy guns, and those of a three-decked ship of eleven. 
Tho stem-lMitteries of a two and a three aecked ship 
oonsist, rcspectivel V, of four guns and six guns at least. 
Though ^ps of the line are thus really strong at bow 

* Tilt tnuk does aoi interfere with the pivoi gnne of fri^atee and flnah- 
aeck tfrie^lhiehiiUcii of the tiwnk ibfming the deck orer it. SoealeoAri. 
•J,^S1. 
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and stern, these are technically called the weak points 
when compared with the superior strength of the 
hroadside-hattcrieSy which are therefore denominated 
the strong points. 

131. When a fleet of ships is thrown into dchelon, 
the how-hatteries are brougnt into, play, and it is of 
the first importance that they should be as strong 
as possible. In the disposition shown in fig. 16, the 
pivot-gun should be established on the port fi^htinff- 
point, and the ' unoccupied bow-ports on each dedc 
should be armed with the nearest guns, shifted into 
them from the starboard broadside-batteries, where they 
are useless. All the broadside-guns on the fighting 
side should be trained to fire as much before the beam 
as the width of the ports will permit, 
and tliis, with respect to the midship Rr-*^* 

^uns, is at an angle of 37® 30', as.shown 
m figure 17,* but the angle is less in 
the after-ports, on account of the taper- 
ing form of the ship towards the stern. 
The reason for thus training the guns 
is, obviously, that their fire upon the 
enemy's ships may be less oblique, may reach him at 
shorter ranges, and be wider of the bows of the next 
following ship. 

When a fleet is ranged in order of battle called 
line ahead, not only is there no reciprocal defence, but 
a great amount of gunnery power in the bow-batteries 
is utterly out of action ; this, in a fleet of twenty ships 
of the line, of which six may be three-deckers, will 
amount to 152 heavy guns, whose fire is masked by the 
leading ships. 

The inartificial practice of forming a fleet for battle in 
one line of great extent, in which the ships are devoid 
of the power of protecting each other by reciprocal de- 
fence, and without a second line as a reserve, ought now 
to be abandoned, as a corresponding practice with armies 
in the field has been renounced in warfare on land. 




* Great GuD Exerdso, * Excellent/ in 4G. 
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132. Freed from the caprices of the wind and from the 
complicated manceuvres of the sail, the movements of 
steam-fleets will no longer be limited to any particular 
line of bearing, nor to one order of battle, in hne ahead, 
in any particular direction ; and the national interests 
will no longer be staked on the risks of a battle fought 
in that unskilful position ; that is upon the chance of 
being able to prevent a line everywhere weak from 
being penetrated or doubled upon. 

133. In the echelon formation the broadside fires of 
all the ships may be made to cross upon an enemy, 
whether attacking or attacked. If the obliquity of the 
ships to the line of bearing be less than 45% the flank- 
ing fires from the bow-guns will be too close to the 
vessel flanked to be safe ; if greater, they will be too 
open. It follows that the an^le which the keel of each 
ship should make with the hne of bearing, should be 
equal to half a right angle ; and it may be remarked that 
every shot from a broadside, which takes effect, is fired 
directly from a ship, but is received obliquely on that of 
the enemy advancing perpendicularly to the line of bear- 
ing, and is therefore, to a certain extent, a raking fire. 

134. A consideration of the figure (fig. 16, p. 120) will 
make it evident that if the rear of the fleet were attacked 
on the starboard quarter, the echelon formation would 
afford the advantages of a reciprocal fire from 4 or 8 
stem-^^uns of each ship, and the starboard broadside- 
batteries of the ships on its left. Since, therefore, ever^ 
ship has both its broadsides and its end-on fires open, it 
is plain that a fleet steaming in this order has a vast 
degree of military strength, and is therefore in a good 
order of advance or of retreat : it has, besides, the advan- 
tage of lending itself easily to any ulterior evolutions. 

135. Notwitnstanding the great gunnery power which 
ships of the line possess, they, as well as other ships, 
are sabject to such great disadvantages when exposed 
to an enfilading or raking fire, that an end-on position 
in action should be avoided as much as possible. But 
if the ships of a fleet are arranged in echelon order, the 
ezposoro it of little moment; since, as may be seen in 
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the figure, should the enemy attempt to take advantage 
of that position to enfilade the ships, he must necesBarily 
put his own ships in the like order, in which position ther 
are themselves liable to be enfiladed, and thus, ccttem 
paribus^ the action would be continued on equal terms. 

There may, perhaps, be a lingering prejudice against 
this novel formation for action, on tlie alleged ground 
tliat it is entirely tlieoretical. To this the author would 
reply tliat such a formation is not novel in principle, and 
has been often practised even with the sail, as appears 
by the well-known order of retreat (fig. 12, p. 115), each 
wing of which, taken singly, is, in fact, an ^helon for- 
mation, exactly conformable to that of a fleet in line of 
bearing, ns shown in fig. 16, p. 120. The order of retreat 
is strong on both flanks, by the reciprocal fire of the ships 
which compose it ; and it is strong in rear, by the fire of 
the ^tom and broadside batteries crossing each other. 
It cannot by sailing-ships be reversed so as to form an 
order of advance ; but by steam-propulsion this may 
be done ; in which case the broadside and bow batteries 
of the ships will respectively cross each other. Unless^ 
then, it can be shown, by any who demur to the 
author's proposition, that the order of retreat which has 
so frequently been practised, successfully, by fleets of 
sailing-ships, is unsound in principle, and so restricted 
in its application as not to be practicable on all occa- 
sions ; it must follow that the proposed order of batUe, 
in which the ships are ranged en echelon, is one of 
great strength and convenience. It may indeed be 
executed by steam-fleets on any lines of oearing with 
the utmost precision and certainty ; and there can be 
no dotibt that this formation will become of extensive 
use in the tactics of steam-fleets. 

An advantage of perhaps vital importance results 
from ranging ships lor action in this oblique order. 
The sterns of steam-ships, which, by the propinquity 
of the moving and steering powers, must be consioered 
their most vulnerable parts, are screened from the fire of 
the enemy's ships, instead of being exposed to it. If 
formed in line ahead, the ships are exposed to a cannon* 
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ade aimed at their sterns, which, if it take effect between 
the inner and outer stemposts, in which space arc 
imbedded the rudder-head and case, the tnmk, the 
yoke, and other steering-apparatus, it might reduce a 
formidable steam ship into a very helpless and impotent 
antagonist. 

136. A fleet, consisting of nine ships of the line, 
ranged in line abreast in the centre, ana en echelon on 
tlie wings (fig. 15, p. 119), at the distance of 970 feet 
from each other, measured from centre to centre, will 
cover a space of nearly 2000 yards, in which case the 
fire of the ships en echelon on each flank will cross 
each other efliciently in front of the *ships in line ; 
but a fleet consisting of 20 sail of the line pr upwards 
should put forward an uneven number of its ships, say 
6 or 7, and form them in double echelon on the centre, 
aa in fig. 18, disposing them so that their firo in both 




directions may cross the fires from the two wings. Tliis 
formation resembles very much a front of fortification, 
and, like such a front, it possesses great military 
strength. 

It must be understood, however, that this disposition 
of ships in a fleet, and also that described in Art. 126, 
are consistent chiefly^ with the occupation of purely 
defensive positions, in circumstances which make it 
impossible, or at least difiicult, for the enemy by turning 
eiuier wing of the fleet, to avoid attacking it m front : 
this mav be the case when it is required to defend a 
strait of the sea. If the position be on die wide ocean, 
mud the enemy— declining to attack in front the fleet 
which is on the defonaivo— should move towards a flaiJc 
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with a view of turning it, the ships on echelon may 
speedily be moved into the general line, and the whole 
fleet may change its position, moving in lino towards 
the menaced side, in doing this, it will have to 
describe only the chords wliile the enemy's fleet will 
have to pass over the length of the arc; the commander 
of the fleet on the defensive will, therefore, be able to 
anticipate liis opponent, and, probably, to frustrate his • 
intention. 

137. Fleets of sailing-ships have ever had their 
look-out frigates and small vessels in attendance for the 
purpose of obtaining intelligence ; but such vessels have 
not been used as advanced guards -to cover the fleet, on 
account of the impossibility of keeping such sliips out 
of the lines of fire from the fleet ; but with steam-fleets 
it will be practicable, and liighly important, to adopt 
in this respect a practice corresponding to that of an 
army in an open country, by having advanced posts 
of small and swift steamers, with supports composed 
of steam-frigates (fig. 8, p. 112), so that an enemy may 
not be able to approach without driving back thcso 
advanced posts, and thus, in some degree, disclosing his 
intentions. When compelled to retire, these advanced 
squadrons should concentrate in echelon positions ; and 
ultimately either pass through intervals in their ovn 
line or round its flanks, and range themselves in reserve 
prepared for whatever duty may be required of them. 

138. The formation of a fleet in two parallel lines 
in chequered order (fig. 19), the ships in the second 

Fig. 19. 



line covering the intervals between those in the first 
line, is a convenient order of steaming, though by no 
means a good order of battle; since, to enable tho 
ships in the second line to defend the intervals in tho 
fii-st, or to enable them to form the two lines into onc^ 
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tlio intervals between all the ships in each line, as well 
as between the two lines, must be very great — at least 
equal to two cables* length. It would be better that 
tho ship in the front line should be ranged at the 
usual distance of one cable's length, and that the second 
line should constitute a reserve force ready to move 
in any direction that might be required. 
« 139. With a fleet of sailing-ships the operation of 
doubling upon an enemy's line can only be made upon 
the rear ships of a fleet under sail to leeward, by slant- 
ing towards them, supposing these to be sailing an the 
wind on the same tack. In all such operations there 
is great difficulty in keeping sailing-ships, on either 
side, in proper positions, — one on the bow, and the op- 
posite one on the quarter of the ship attacked, — so that 
the attacking ships may not fire into each other. 

140. The most skilful, brilliant, and successful battle 
fought by Nelson, and perhaps ever fought on the sea, 
^WM assuredly that in which he attacked the French 
fleet at anchor in Aboukir Bay, in 1798, by doubling 
upon the French van in such a manner that seven 
French ships were attacked on both sides by eleven 
British ships, whilst the rear of the French fleet an- 
chored head to wind, and therefore to leeward, could 
render the van no succour. 

The French fleet consisting of thirteen sail of the 
line was anchored in line ahead N.W., the van ship 
about 2400 yards distant from a shoal, between whicn 
and the van it was never imagined that the British 
fleet could pass.* Tlie intervals between the ships of 
the French line were 160 yards, and the length of the 
linoy including the length of the ships, was about one 
and a half mile. 

The French admiral concluding that Nelson would 
poftpone his attack till the morrow, as the day ^was far 



* LorI Xilno, obMrring UiU Uie Fmdi ihin mnt at sin^ Andior, had 
tti aapMi^ lo pci«aiv« that the Fraoeh adminil mnat hav« aaoertained thai 
IkadiAthdr water hetweea the vaiKahip and the ehoal wae nillieieiit toaOow 
itelaUpto awiag imuklooheraDchcir in theereytof aehaiMtof the wiads 
aai an this aMBiplfaB the pin of attack waa aelmined. 



SccT. II. DATTLE OF TDE NILE. 129 

advanced, remained at anchor for the ni^ht, laying out 
his anchors in such a manner as to spnng the broad* 
sides of liis ships towards his opponents But he waa 
deceived. Nelson formed his fourteen fihipe into two 
divisions, one of which was to pass athwart the van of 
the French fleet, between it ana the shoal, and attack 
the ships on the interior side, whilst the ships of tbe 
other division were to range themselves on the exterior 
side, so that every French ship, down to the seventli, 
the ' Orient,' should be attacked by two British shipsi 
one on the port-bow or stern, the other on the star- 
board quarter or bow. For tliis each British sbip 
prepared to anchor by the stern, passing a stream cable 
out of her gunroom-port and tricing it up alongside, 
beneath the lower-deck ports, bending it to the bow 
anchor on that side ; so tbat by paying out the cable 
when the anchor was let go, the snip might be brouglit 
up by the stem, and thus having two cables attached 
to the same anchor, the ship's broadside might be 
" sprung " into the proper airection for action, by 
slackening one cable and hauling upon the other. 
Thus eleven British ships doubled upon the seven van 
ships of the French fleet with the utmost skill and 
regularity ; and in that celebrated action which began 
about 5 P.M., while the British ships did no injury to 
one another they captured all those to which they were 
opposed. The French admiral committed a great mis- 
take in not getting under way as soon as the British 
fleet appeared. 

141 • A steam-fleet will never be caught in so help- 
less a position ; the ships would have their steam up, 
get under way, and tiy the issue of a general action ; 
or the ships not doubled upon in this mode of attack 
might rusn up and double upon one or both of the at- 
tacking divisions. 

The tactical skill evinced by Nelson in this great 
battle was a practical exemplincation of that maxim 
in military tactics, which teaches the importance of 
so conducting a battle as to bring upon the point of 
attack a great superiority of force, in such manner that 
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the enemy, even if numerically superior upon the 
whole, might he unable to succour the part so over- 
powered — a maxim to the application of which Na- 
poleon I. owed mainly his triumphs, and which Nelson 
60 skilfully adopted in the battle of the Nile. Had the 
French fleet been anchored in two lines, Nelson either 
would not have attempted this audacious mode of attack ; 
or if he had, one or other of his divisions must have 
been placed between two divisions of his enemy — an 
observation which the author here makes to show the 
evils of extending a fleet, whether at anchor or under 
sail, in a single line, and the importance of always 
ranging fleets in two lines, or, at least, with a strong 
reserve in a second line. 

Doubling upon the ships of an enemy*s fleet, will, 
liowever, be hereafter an important evolution in the 
offensive movements of steam-fleets ; but this must be 
managed very difiercntly from that which has hereto- 
fore been practised, and should rather be by doubling 
upon the van and throwing it into confusion, than by 
attacking the rear of a fleet 

142. It would be a hazardous undertakuig to endea- 
vour to penetrate the line of a steam-fleet ranged in 
order of battle en echelon, as in fi^. IG, p. 120, the 
ships of the attacking fleet moving in directions con- 
traiT to those of the fleet attacked, for all the lines 
of fire from the shii)8 in that order are 0))en in every 
direction; and those from two ships at least would 
cross each other upon any one snip which might 
be advancing to penetrate the line of battle. A ship 
in> the act of penetrating, and after having penetrateu, 
would assurealy l^e in a thoroughly cripnleu state. It 
is obvious, however, that the intervals oetween ships 
en ^helon, on any line of bearing, are open in all their 
width to tlie ships of an enemy^s fleet coming up on 
the same course as is kept by the ships in that line, for 
the purpose of cutting through it : but a fleet so coming 
tip, sappoee in line ahead, towards the interval between 
the ships B and C, fig. 16, and parallel to the directions 
of those ships, would find itselt opposed in its advance 
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by fires from the starboard broadsides of the ships A 
and B ; and, should they succeed in passing the intcnml, 
by fires from the port broadsides of^the ships G and D : 
at the same time they would bo liable to a generftl 
enfilade, first from the stem-guns, and then from tlie 
bow-gims of such of the ships as are neiirly in the 
directions of their courses. Supposing the penetration 
to be effected, tlie sliira on eitlier side of the line of 
penetration miffht, with ease, move up and immediately 
put the ships wliich had got through oetween two fires. 

143. In (vn attack from the windward by a fleet of 
sailingHships, it was necessary that these should bear 
down directly or obliquely on the broadside batteries of 
the enemy's ships, though in so doing they were un- 
avoidably exposed to a severe fire, more or less raking, 
before tficy could attain a position favourable for clo*;e 
action or for j)enctrating his line. Sailing-ships have 
invariably been severely crippled in sails and rigging 
as well as in the hulls, in bearing down upon shijis to 
leeward, even when gunnery fire was far less oflicient 
than it is now. The ships of Lord Duncan's fleet, in 
bearing down upon the Dutch line, were far more severely 
damaged in the hull than in any actions against the 
Frencli ; and so assuredly would Nelson's division have 
been treated in bearing down in line ahead at Trafalgar, 
if the French and Spanish gunnery had been then as 
efficient as that of the Dutch fleet proved at Camper- 
down, and as that of the French navy is at the present 
time. 

144. An examination of the tactical circumstances of 
the battle of Trafalgar will show that Villeneuve's plan 
was to abandon the vicious practice of extending a neet^ 
in line ahead, in a single line of battle ; he apparently 
intended to contract, concentrate, and range his force 
in such manner as to render the penetration of his line 
from the windward extremely difficult, and to give his 
fleet military strength by the reciprocal defence of its 
ships. Villeneuve's nautical science was in advance of 
the practical methods of that day ; and it did present 
great obstacles to the success of Nelson's plan of attack. 
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which would not have been experienced if each French 
and Spanish sliip had been in the wake of the ship 
before it, in single h'ne of battle. There can be no 
doubt that the noveL formation which Yilleneuve at- 
tempted, though frustrated by the disabilities of the 
nil, shadows forth the adoption of that order of battle 
which the author has endeavoiired to propound, and 
which will undoubtedly hereafter become an established 
formation in steam-warfare. 

The combined French and Spanish fleets previous 
to the action off Trafalgar, when seen a «little before 
daybreak on the 21st of October, were in line ahead on 
the starboard tack, extending over a space of nearly five 
miles. At 8 h. 30 m. a.m. the ships tacked together by 
signal, and formed on the port tack, very irregularly, as 
it seemed, in a crescent figure, convex to leeward (James^ 
ToL iv. p. 32). Lord CoUingwood in his official de* 
spatch stated, that in this novel formation every 
■oip (as a, i, e, &c., a', b\ <f, &c.), fig. 20, was about 

Fig. 20. 



a cable's length ahead or astern of its respective follow- 
ing or leading ship. Thus the combined fleet seemed 
to be formed in a kind of double line, which, when 
viewed on the beam, appeared to leave very small 
intervals between the ships. 

This formation, which to some appeared disorderly, 
to the experienced eve of Admiral CoUingwood gave 
indications of a wisely-considered plan, designed for 
the purpose of making the fleets occupy a less extent 
of space, and thus enabling the ships to concentrate and 
ooniDine their strength by reciprocal fire. It failed, as 
we have said, from drcomstances over which the com- 
mander of the oolLbiDed fleet oould have no control ; 
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but great is the credit due to the illustrious commander 
of the British fleet for having thus, in the apparent 
disorder, discovered a new principle in naval tactics— « 
one which would present very great obstacles to an 
attempt of the enemy to penetrate a line of ships. 

It ]s now evident that Admiral Yilleneuve s inten- 
tion was to form the combined fleet in two lines of 
bearing, with the angular point to leeward ; thus re- 
versing the order of retreat described in Art. 120. 
This formation, though difficult to be effected, and 
scarcely possible to belong retained, by sailing-ships, is 
capable of easy accomplishment and retention with 
a fleet of steamers. The dispositions of the several 
ships may be understood from the above figure and 
description. 

145. It is extremely probable that, if the present 
improved state of naval gunnery had existed, in 1805, 
in the French navy, the divisions of the British fleet, in 
bearing down upon the combined French and Spanish 
fleet off Trafalgar, would have been entirely disabled 
before they came to close action. Nelson's and Colling- 
wood's divisions advanced at a rate not exceeding li 
miles per hour, and the * Victory ' was under ^the fire of 
some hundreds of heavy guns during forty minutes 
before she reached the enemy's line. According to M. 
de la Graviere {Guerres Maritimes^ vol. ii., pp. 185 to 
188, Plunkett's translation). Nelson would have seen 
his ships smashed to pieces by those of the French, like 
cavalry when improperly attempting to break the 
squares of steady infantry. " This disregard of esta- 
blished rules in approaching an enemy arose entirely," 
writes M. de la Graviere, in a note referring to the 
French translation of the author's work on Naval 
Gunnery, "out of particular circumstances,, and may 
be considered as a proof of the decline in Frencn 
gunnery-practice during the war." 

146. But in the tactics of fleets endowed with 
adequate steam-power, there need be no such exposure 
to damage, before a position for close action can be 
attained. A steam-fleet so endowed, instead of bearing 

. I 
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down obliquely or directly^ on the broadside batteries of 
an enemy 8 deet, may run up from the rear, in two 
divisions, alongside of the enemy's ships, in an order 
cArallel to his line, and thus double upon it with safety. 
This could be prevented only by the enemy being 
protected by' a strong reserve en ^helon, covering his 
rear. Between this reserve and the main line, and 
exposed to the fire of both, the attacking division would 
be obliged to pass, in order to effect its obiect 

147. Success in this mode of attack depends, upon 
the comparative speed of the two fleets. It the fleet of 
the assailant be superior to that of the enemy, the latter 
cannot avoid close action on disadvantageous terms. 
If, on the contrary, the speed of the fleet menaced is 
superior to that of the other, that fleet will be able to 
make its escape. 

It may appear to some readers, that if, as stated in 
Art. 145, in mture naval battles, there will be no attacks 
by fleets advancing directly in divisions of ships arrayed 
in line ahead on the broadside batteries of an enemy's 
fleet, as at Trafalgar, and that there will be no repeti- 
tion of such a battle as that in Aboukir Bay — Nelson's 
two crowning victories, — this would tend to show that 
the new svstem of naval warfare will put an end to that 
bold, resolute, and audacious mode of action, which was 
the wont of the British navy. But this will not be the 
case. It is true that, in the present very improved 
state of naval gunnery, such a mode of attack as that 
adopted at Trafalgar could not be made without seri- 
ously crippling the attacking fleet, before it could close 
with the enemv ; and it is not probable that so faul^ a 
formation as that of the French fleet in Aboukir &y 
will again occur. But, our officers, imbued with the 
resources of tactical science and nautical skill, and our 
men able and ardent to carry out, with unflinching 
courage, their commands, will nevertheless find in steam* 
warfare, ample opportunities for acting in tiiat vigorous 
and audacious manner which has ever been congenial 
to tho q^t of British seamen. 

148. The operation of doubling upon the rear of a 
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fleet of sailing-ehipe, ranged in a single line ahead^ as 
A B, fig. 21, was obviously invited by the inherent 

^>- «o- c=>. .^>- 

A B 



weakness of such an order of battle ; and, employed 
against such a line, it was in truth a very formidable 
mode of attack : but fleets of steamnships ranged in line, 
as A B, fig. 22, with a good reserve, as G D, would, if 

Fig. 23. 

A B 



commanded by experienced tacticians, have little to 
apprehend in such a case. It might be met by the 
reciprocal operation of doubling* by means of the re^ 
serve, upon that division of the enemy that micht 
endeavour to penetrate between the rear of the fleet 
and the reserve, by which that rear is covered and 
protected. 

A well-commanded steam-fleet should not passively 
receive, in its existing order, an attack made upon ii^ 
but should rather assume promptljr a position in which 
it may, by offensive operations, actively resist and frus- 
trate the enemy's attempt. Thus (fig. 23, p. 136) if, 
bein^ already in line ahead, as at A ^, the ships in the 
positions a, a, &c., with a reserve as G D, and the ships 
m positions c, c, &c., the enemy advancing in two lines 
E F, G H, should make demonstrations for attacking at 
the rear, or doubling the fleet} the ships in AB may 

I 2 
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immediately be thrown en ^elon in the podtionB e^ e^ 
&C., whfle those in the leserve may take the positions (2, cl, 
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&c. The enemy then, instead of finding the rear of the 
fleet unprotected, will find himself exposed in both his 
adyancmg lines, to a direct fire from the broadside 
batteries of the ships in line and in resenre, as they cross 
his bows, while tne stems of all are refused to him. 
The rear half of the line A B may now form itself on 
the line A E, and the other half on L M, parallel to it 
and supporting it ; in this order of battle the fleet might 
engage the enemy at the head of his lines and coxnpel 
him to fight on yery disadyantageous terms. The 
enemy's attempt, therefore, would in all probability 
terminate in nis discomfiture; of which, m course, 
adyantage would be immediately taken. Counter man- 
ODuyres may be promptly made by steam-fleets to meet, 
and, if well conducted, to frustrate, almost any man- 
crayres that may be attempted. 

149. A well-exercised and skilfully-commanded steam- 
fleet should neyer be restricted to pure passiye defence. 
Steam-propulsion is essentially an actiye agent which 
seeks the initiatiye, and inyigorates execution ; it should 
therefore always be employed promptly and yi^rously 
in offiansiye operations. A oelebmted tactiaan has 
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well aid thst it is in offensYe opentioiM^ and not in 
paMve resistanoey that dedare victories are to be 

founds* 

150. The advance of a fleet of sailing-ships in line 
abreasty is an extremely difficult and disadvantageous 
movement, as the ships are exposed to be raked fore and 
aft, and this order itself it is extremely difficult to main- 
tain with the sail. (See Art 94, Note % p. 97.) But a 
fleet ranged en echelon is in a very favourable order 
for approaching an enemy obliquely, the ships not being 
exposed, in their advance, to an enfilading or raldn^ 
fire. A steam-fleet may advance in line abreast wi£ 
as much precision as an army on land can march in 
line of columns ; and, when near the enemy, the diips^ 
by being thrown into ^helon order, may avoid bemg 
raked or .enfiladed. It should be observed that a ship 
cannot, strictly speaking, be raked unless she is so near 
the enemy that the trajectory, or path of die shot, is 
nearly horizontal : if the distwce of the ships is great 
enough to require the shot to be fired at an elevation 
which will cause the path to have considerable curva- 
ture in the vertical direction, the ship may be fired 
into, but not raked. 

151. When a line of troops, advancing in close 
columns, comes so near the enemy's position that bat- 
teries placed on the alignments of tnese solid masses 
would Dccome destructive, the deep order of the column 
is extended into a slender line of troops ; so, ships 
advancing in line abreast^ when arrivea so near the 
enemy as to be exposed to a raking or enfilading fire, 
may form themselves into a line en echelon, in whidi 
order they may advance obliquely under cover of a 
cross-fire from their bow and broadside guns; and, 
when close to the enemy, may form in line ahead if 
they can do no better. 

152. The great tactical maxim taught by modem 
military science is to abandon the practice of fighting 
in parallel order, and so to combme offensive move- 
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ments as to bring a superior force to bear upon some 
decisive point of attack/ thus rendering the attacking 
troops stronger upon that point than the enemy, what- 
ever be his entire numerical strength. Bj the oblique 
order of attack this important maxim may be apphed 
in the tactics of steam-fleets, with as much certainty as 
in military operations on land. 

153. The oblique order in a steam-fleet may be formed 
by ships in line ahead, or by ship in Echelon upon a line 
01 beuing parallel to that of the enemy, the obhquity 
of the ships to their line of bearing constituting in 
reality an oblique order. The degree of obliauity of 
these formations, in military tactics, depends chiefly on 
the nature of the ground ; but in naval operations on 
the uniform siirface of the sea, the militery maxim, 
that the degree of obliquity should in general be half a 
right angle (" k demi-quart de conversion*' — Guibert)^ 
should be aMolute. 

154. In an oblique order of battle, advancing to 
attack an enemy in line, the ships must of necessity be 
ranged in line ahead ; for, if in echelon upon a line of 
bearing oblique to the enemy's line, the ships so ranged 
would be steaming directly towards the enemy, exposed 
to be enfiladed quite as much as if they were advancing 
in line abreast. 

155. Oblique orders of battle, when speaking of two 
opposing fleets, each in line ahead, are of two kinds : — 
ls4 when the fleets are steaming towards each other 
as if their courses would meet in some point, as P 
(fie. 24V in lines making with each other an acute angle ; 
and 2ndly, when the fleets are standing towards each 
other as if their courses would meet in some point, as Q 
(fig. 25), in lines makine with each other an obtuse angle. 
In technical language the latter is called the cross attadc, 
and both these movements are preparatory to attacks on 
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the van of an enemy's line. In both cases it is dear that 
whichever fleet can, by superior speed, so forereach iqpon 

Fig. 84. 



the other as to pass athwart his van, the fleet so gained 
upon will be placed at manifest disadvantage ; the van- 
ships will first receive obliquely the broMside fiige of 

Fig; 35. 
a' 

the ships coming up in successioni and then the raking 
fire of those that are passing athwart their bows. Those 
van-ships, being in no condition to attempt the hazard- 
ous movement of passing on through the enemy's line, 
by which they have been outflanked, would be compelled 
to break off from their course, and, in confusion, would 
endeavour to assume some other formation. 

A steam-^eet should avoid battle in an order parallel 
to the enemy's line, steamine on a contrary course ; 
since the movement leads on^ to a cannooAde with. 
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perhaps^ equal injury to both fleets, and ends generally 
in a drawn battle, of which there are many instances, 
to the mortification of the commanders and the disap- 
pointment of the country. Such was Keppel's action 
m 1788, and such woula have been the case in the 
battle of the 12th April, 1782 (in which the French 
and English fleets were passing each other on contrary 
tacks), nad not Rodney, perceiving that the enemy s 
line was not kept compact, seized the favourable 
opportunity, and severed the French line of battle by 
penetrating its centre. (See Art. 92.) 

156. It must be observed that ships in single line 
ahead, thobgh in one sense in a line of battle, form 
nevertheless a long and slender column, which, when out- 
flanked, is in the same predicament as a line of troops 
in the field, in like manner outflanked and turneu.* 
The fleet and the army would be equally thrown into 
confusion. 

157. In the case of the cross attack, that fleet which 
crosses athwart the other has manifestly the advan- 
tage. In sailing-tactics, the object so much contended 
for was to fetch to windward of the enemy's van or rear. 
In the tactics of steam-fleets, it is clear that the advan- 
tage of forereacliing upon and attacking the enemy in 
van or rear, is entirely a (j^uestion of steam-speed ; and 
the importance of a superiority in this respect is there- 
fore manifest.^ 

158. In the battle of the 14th February, 1797, when 
the squadron of the Spanish fleets which had formed to 
leeward, failed in its attempt to reunite with the body 
of the fleet by passing through the British line, the 
fleets tacked to the N.W. In this course it was pur- 
gued by the British van, led by the * CuUoden,' and 
followed by the * Blenheim,' * Prince (Jeorge,* and others, 
whose superior speed enabled them ultimately to fore- 
reach upon and attack the Spanish van, where the 



* ** Um eolooiM proCoiido atlaqii^jpar k Mte mi dua Irmlme tiinalkm 
«*«M UflM Attaqo^ k loQ mtiiaiit4*Woiii]n, Um. Ui. p. 847. 



Scot. IL £gH£LON FORMATIONS. 141 

principal prizesi viz., the * Santissima Trinidada,' the 
* San Nicholas/ and tho * San Josef/ were taken. 

159. A fleet in line or lines ahead, is far more likely 
to be thrown into disorder by being thus attacked at 
the head, than by any attempt on the rear. An attack 
on the rear may be frustratea (as in fig. 23, p. 136) by 
having there a reserve of ships, overlapping and cover- 
ing that extremity of the line ; and the rear of a fleet, 
like the rear of a colmnn of troops, may be disor- 
dered without throwing tho whole fleet into confusion. 
On the contrary, when a column is disordered by being 
attacked at head, that disorder recoils upon the whole 
column. The rear of a fleet may be attacked by an 
enemy in parallel order, but the van of a fleet can only 
be attacked by a fleet moving towards it in oblique 
order. (See Art. 155.) 

IGO. The great advantage of echelon formations 
consists in the facility which is afibrded to the com- . 
mander of a fleet for embarrassing the enemy by 
demonstrations which ho may think fit to. make in 
order to mask his real intentions. False demonstrar 
tions may promptly be executed with a view of de- 
ceiving the enemy respecting an intended point of 
attack. Misled by the position assumed by the ships, 
the enemy may be tempted to change his dispositions ; 
on discovering his error he will make an efibrt to rec- 
tify it, perhaps under fire, and in the midst of the 
confusion attending the change of disposition, a vigor- 
ous attack being made upon liim will, in all probability, 
end in his total defeat. 

161. Let an enemy's fleet be moving in any direc- 
tion in line ahead, as AB (fig. 26, p. 142), and let a 
fleet be advancing en echelon, as ClJ, the ships being 
disposed as sho%vn at a 6 preparatory to an attack on the 
enemy at the head (B) of his line. This disposition of 
the ships can be promptly changed to c J, at right 
angles to a 6, as if for the purpose of attacking the rear 
(A) of the line, by turning each ship through a quarter 
of a circle ; while a fleet m line ahead, in the position 
A B, would be obliged to reverse the courses of all the 
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flhips. Thus eiiher extxemily, whether van or rear, of 
a fleet may be menaced, and the reverse extremity 

Fig. M. 
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actually assailed with great facility, while the com- 
mander of the fleet is kept to the last moment in a 
state of uncertainty respecting the real point of attack. 

The enemy in the position A B may, no doubt, change 
his order from line ahead into line en Echelon : m 
, that case the order of his advance should be such that 
the fleets may, cceteris paribus^ be on equal terms. Either 
fleet may be forced to turn into line ahead, and by a 
speedy movement menace the flank of the other. When 
en echelon, it must be remarked, however, that, in the 
conflicts of well-commanded steam-fleets, feigned attacks 
may produce serious realities to the fleet making the 
feint, if the position of the enemy should be such as to 
permit him to penetrate with a division, in force, be- 
tween the body of the fleet and the attacking division. 
Therefore, unless the enemy's fleet be extended in 
line, and the main body of the attacking fleet be in a 
poation to support the feint with great force, any 
attempt to engage in that manner would be attended 
with consideraDle dan^r. 

162. A vigorous initiative, promptly taken, as soon 
as the force of an enemy^s fleet and its order of steam- 
iDff can be distinctly ascertained, afterwards prosecuted 
without faltering by a tactician having a dear ner- 
ception of what he nas to do, and of the way in which 
it should be done, will force an enemy to range his 
diipa in the order in which he means to fight, or to 
muMiQwn in order to avoid or postpone an action* If 



8icr. II. MODE OF ATTACK. 143 

tho enemy would simply manoouvre, a trial of skill 
will ensue between the admirals of the two fleets ; and 
he who is best exercised in tactical evolutions, and can 
conduct them with the greatest skill, will out-manoBUvre 
the otheri and bring him to action in the circumstances 
most advantageous for himself. 

If, on the contrary, the enemy determine to fight, he 
will be forced, by a resolute advance of the fleet, to 
extend his line in order of battle, as at A B, fig. 8, 
p. 112. Whatever that order may be, he should be im- 
mediately attacked while so extended. An oblique 
movement of the fleet, supposed to be in doimle 
columns, as at /, n,/>, should bo made towards the right, 
on the enemy's rear, and a demonstration to menace 
seriously that part of his line. This may be effected 
by the whole neet steaming in the order represented at 
m, n, />, in fig. 8, and, at the same time, the steam 
frigates and sloops moving to the right, supported by 
the reserve, should advance as if to attack, and double 
upon the rear B, of the enemy's line. This menace 
should be put in execution before any change in the 
order of the fleet's advance has been made, which 
might indicate the real intention ; but, when the de- 
monstration shall have led the enemy to draw his 
reserve ships to the support of his rear, the divisions 
/, n, />, of the attackmg fleet, previously formed in 
6clielon of lines on their respective centre ships, should 
rush up successively, in that order, at full speed, to tiie 
left. When close to the enemy they should engage, 
and, if possible, outflank his van, while the right divi- 
sion ji?, supported by the reserve (which will be with- 
drawn as soon as the feint has produced the intended 
effect and the real attack has commenced), will vigor- 
ously attack and charge through his centre wim a 
superiority of force, and either penetrate it or create a 
melee which shall render it impossible for the rear 
ships to rejoin their leaders ; at the same time the com- 
mander of the enemy's fleet will be quite unable to 
reverse the courses of his van-ships, in order to double 
lipon the division attacking his centre. 
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No doubt some of the sbips will, in these attacks, be 
seriously iujured, but it may be reasonably expected 
tbat none will be so entirely disabled in their screws, 
or otherwisci as to be prevented from arresting the pro- 
cess of the enemy *s rear-ships. Some of those, at 
feast, which had attacked and penetrated the centre, 
may, after having effected this object, turn into line 
ah^ to the left, and attack on the starboard side that 
part of the enemy's fleet which had been previously 
attacked on the port side. 

Sho9ild an attack thus conducted have a successful 
issue, half the ships constituting the enemy's line mi^ht 
be captured or destroyed, and then all the available 
ships of the fleet, with the reserve steam frigates and 
sloops, should be sent in pursuit of the retiring enemy. 
Such may not be the result of a battle under the con- 
ditions assumed in this article; the author professes 
only to have described a vigorous mode of action con- 
sistent with the tactical principles which arise from the 
employment of the new motive power in naval warfare. 

163. The operation of reversing steam-ships (300 
or 350 feet in length) when in line of battle, and under 
tbe guns of an enemy, is a difficult and dangerous evo- 
lution, which should be avoided if possible ; and in well- 
planned battles the operation should scarcely be neces- 
sary. It may be inferred, however, from what has 
been stated in Art. 96, that the operation of reversing 
the ships of a fleet mavbe occasionally useful, and even 
necessary : for example, the van of a fleet being cut off 
from its rear, in consequence of the line being pene- 
trated at its centre by an enemy's fleet, is thrown out of 
action, and can in no other way succour the rear than 
by reversing simultaneously the ships, and doubling, 
in its turn, upon that division of the enemy's fleet which, 
after the penetration, had enveloped its rear. 

164. Steam-ships in line may easily reverse their 
couraes individually ; but to reverse the alignment of a 
fleet by changing ihe flanks, moving the ships in the 
looped carves which they must respectively describe in 
order to maintain in the new line the, same order t^t 
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they had in the original formation, is an evoluticm 
wholly useless and utterly impracticable on real ser- 
vice. It is like the obsolete militaiy movement of 
changing the front and flanks of a division of troops to 
the rear. The alignment of a fleet of twenty mips 
covers a space of at least two miles. The ship A 
on the right flank would have to describe a curve of 
more than that length to gain the right A' of the re- 
versed line, whilst the ship on the left B would have to 
describe looped curves of still greater extent in order 
to get into her position Br on the left flank ; and all the 
intermediate ships would have to describe very complex 
curves in order to attain their respective stations in the 
new alignment. The nature of these movements may 
be understood from the annexed figure. The neoessiiy 

Fig. 97. 




of putting ships to the right-about can scarcely be 
required under any circumstances, unless, indeed, it be 
to turn their sterns to the enemy and make off, which 
should never be done. But, should it become necessary 
to reverse the position of a line of ships already in line 
abreaat, so as to arrange them again in line abreast, 
but facing in opposite directions, the ships should be 
reversed mdiviaualljr. This mav be done by two move- 
ments : first, the ship should be put in line ahead by 
a quarter-turn of each ship to starboard or port^ and 
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then into the required position by another auarter-tum 
of each in the same direction. The new hne will be 
in rear of the former, and in inverted order, the right 
wing being now the left, and tnce versd — in military 
parlance clubbed : this position is not now considered ob- 
jectionable, in military evolutions, when sudden changes 
of front to the rear are required.* 

165. The modes of attack above noticed have not 
been introduced with any expectation that they will 
be considered as model operations, or that they will 
apply as precise rules for conducting naval battles. No 
such rules can be prescribed ; and the author has stated 
these cases merely to develope principles of action. 
The accidents of a sea-fight are so various, the manner 
of conducting the evolutions, thouj^h simplified by 
steam, yet so complex, that only a few general prin- 
ciples can be laid down by science ; the rest must be left 
to the skill, the genius, and the mental resources of a 
chief in applying the principles to each particular case 
as it arises. 

166. There can be no doubt that in the conflicts of 
fleets, conducted with enerey and resolution, with all the 
capabilities of steam-propulsion, there will be occasional 
melees, of ships getting confusedly in contiguity with one 
another, which may by chance or design lead to a board- 
ing. This last will introduce a class of operations of a mi- 
litary character, for which we ou^ht to be well prepared. 
A line-of-battle ship once alongside of an enemy must 
either assault or be assaulted : steam-ships should there- 
fore be provided with larger quotas of troops, habituated 
to the sea, than heretofore, and should be provided with 
some better facilities for boarding an enemy than 
scrambling along yards or booms with their cutlasses 
bc^tween uieir teeth; and there should be some deck- 
defences by which to repulse a sudden rush of the 
enemy when he has obtained a footing. 

167. The assault of a military work is facilitated 
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by ladders or other means of getting into it : means 
should therefore be provided to ^in the deck of an 
enemy's ship by a temporary bridging; and eveiy 
ship should be provided with means of resisting 
an assault when actually boarded. All military worka^ 
from a regular fortress to a field redoubt, are in- 
variably furnished with some description of interior 
defence, by which the temporary success of an assault 
may not be followed by the entire subjugation of the 
work. Loopholed barricades should be placed across 
the terminations of the quarterdecks and forecastles, 
and other defensive arrangements should be made to 
repel boarders. And there might be vertical scuttlesi 
where horizontal scuttles were of old, between the 
guns, on the fighting-decks of ships^ to serve as loopholes 
for Minie marksmen there placed. The fire of the 
Minie rifle at Sebastopol was so deadly as to pick off 
the loaders, spongers, and others of the ^ns* crews 
through the embrasures of the parapets ; and to save the 
men as much as possible it was necessary to provide 
shot-proof mantlets, which were placed across the internal 
openings of the embrasures. Expert riflemen, firing 
through scuttles made as formerly on the fighting-decksof 
ships, might pick off the spongers, loaders, and tacklcmen 
of a gun, through the large gun-ports which ships armed 
with the heavy guns of the present day require, in order 
to bo enabled to give a sufliciently elevated, depressed, 
or oblique fire from the ship. (The ordinary size of a 
gun-port is about 3 feet square; the ports of the 
* Diadem' and vessels of her class similarly armed 
are 4 feet 6 inches wide, and 3 feet 10 inches high.) 
Skilful riflemen firing at an aperture of that size, at 
from 400 to 800 yards* distance, would unquestionably 
soon put a gun's crew hors-de-combat. No mantlets 
can be used to cover the loaders, and, therefore, some 
otlier expedient is required to protect them fin^m so 
destructive a fire.* 



• The author it prepared with a meeDi to effect thii, but which for the 
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168. That assaults by boarding will hereafter be 
frequent and formidable in naval warfare, is an opinion 
very prevalent among French officers ; Admiral De la 
Susse in his answer to Question 2G0, proposed to him by 
L'Enquete Parlementaire, vol. ii. p. 84, says he attaches 
the greatest importance to the project of providing ships 
which may be capable of assaulting the enemy at close 
quarters with strong garrisons of troops ; as well as of 
rendering ships more capable of resisting assaults ; and 
Admiral de la Graviere writes : — " Les abordages prc- 
medites sent devenqs tres rares aujourd'hui, parceque 
c'est une manoeuvre toujours dangereuse k tenter. Avec 
les navires h vapeur ils seront beaucoup plus fre- 
quents. Une fois les navires ainsi accroches, on pouvait 
Belancer sur le pont ennemi, le sabre aux dents et lo 

Eistolet au poing, ce serait une mclc^e, une affaire d armo 
lanche, dans laquelle Felan et le courage auraient beau 
jeu ; mais les deux navires, bien au'accrochcs, sent encore 
separes par un inter\'alle de dix ou douze pieds: si 
qnelque mat sert k les reunir, c'est un pont qui offre k 
peine passage k deux hommes de front.'' — Guerrea Mart' 
timeBj tom. li. pp. 259, 2G0. 

1G9. It is especially in the power of reaping more 
abundantly the fruits of victory that the active agency 
of steam will be felt. Many great victories have been 
won without being followed up to their ultimate results, 
because the sails and rigging of the victorious ships have 
been so much damaged that they could not pursue the 
flying enemy. It will not be so with steam-fleets, par- 
ticularly with fleets of screw-steamers : their masts may 
be shot away, but the submerged machine by which they 
are moved, if kept free from entanglement, is inaccessible 
to shot; and if the commander of a victorious fleet use it 
not| in vigorously following up any advantage which he 
may have gainea, he would justly be censured ; and the 
country would not be satisfied if a barren victory only 
were gained. 

170. It has been shown in the course of this work 
that the order of battle in line ahead for a fleet con- 
astiiig of a single oolumn of ships^ though most oon ve- 
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nicnt for Bimple broadside action wlion the oppofiiDg 
fleets are within gunshot of one another, is yet one of 
considerable weakness. (See Arts. 89, 112, 131, 156.) 
By a fleet of steamers it ma^ be attacked and doubled 
upon in the van or rear, or it may be cut somewhere in 
its length by a fleet moving across its line of direction, 
and thus, a portion, severed from the rest of the fleeti 
may be captured or destroyed. In fact, the order in 
line ahead is particularly exposed to an attack made in 
conformity to the general principle in war— "the 
greatest force possible should bo brought to act against 
a weak part of the line attacked. The mode of 
strengthening it has been stated ; and it is shown that, 
by means of a strong reserve squadron, the effort of 
the enemy may be paralyzed, and may even be made to 
revert against himself (Art. 148). It is shown (Art 
113) that the order in line abreast for steamers may, 
with advantage, be assumed when the fleet is not very 
close to the enemy's line, on accoimt of the facility witii 
which the ships may bo turned from this position to any 
other that may be required. 

The author has dwelt much on the disposition of 
ships in lines of bearing, or in what may be called the 
echelon formation ; and his object has been to show the 
advantages which this formation has over others in 
respect of the reciprocal defence which the ships are 
able to afford each other (Art. 134), and in respect of 
the facility which that disposition, like the line aoreast, 
affords for changing the position of the ships in their 
lino of bearing, as well as for changing the position of 
the line itscli (Art. 135) : "by this facility, an order of 
battle on the offensive may bo, almost immediately, 
converted into an order for defence, and vice versd. The 
echelon formation lends itself particularly^ to that order 
of battle with steamers in which the ships are formed 
upon two lines of bearing, for advance or retreat, 
making with each other an angle which may generally 
be of 90% though occasionally of more (Arts. 120, 124, 
162). 

171. A fleet divided into two or more double columns 
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of this kind is in a highly advantageous order to ad- 
vance against an enemy m line ahead : the divisions 
are thus capable of being directed to a part of the line 
which may be discovered to be weaker than the rest, 
whether that part be the van, the rear, or the centre of 
the line; and the movements may be regulated so as to 
leave the commander of the enemy's fleet in doubt on 
what part of his line the shock may take place (Art. 
160). If thought fit, the divisions may, with no diffi- 
culty, be form^ into line ahead, parallel to that of the 
enemy, or into divisions en echelon oblique to that of 
the enemy, and in this order may cut or turn his lino 
of battle. 

The disposition of ships in line en ^hclon affords a 
more complete system of reciprocal defence among the 
ships than can lie obtained by any other arrangement ; 
the fires from guns in the bow or stem batteries of the 
ships cross with those from the broadside batteries over 
the spaces between the ships, and also to the extent of 
some hundred yards ahead or astern of the general lino 
(Art 134). 

This principle of reciprocal and flanking defence 
may be carried out, with steam-fleets, so far as to com- 
prehend the disposition in line of battle, strengthened 
by placing ships on wings obliquely to the general line ; 
and, in the case of a very long line, forming some 
ships on a double line of Ibearing in front of the lino 
itself (Art. 136). 

It is hoped that the principles inculcated in this 
work will be found sufficiently intelligible to enable a 
good tactician to apply them in any form of battle 
which he may initiate, or which he may assume, either 
for the purpose of counteracting any measures taken 
by the enemy, or to take advantage of any fedse move- 
ment which he inay make. 

172. In order to bring sailinsHships into positions 
which may enable them to attack l^d batteries and 
mmritime fortresses with the advantage which proxi- 
mity gives to a fleet or squadron in such a case, steam- 
tags may, and have been used. The Prinoe de Join- 
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villous attack of Tangiers in 1844 is a proof of what 
steam may effect by txaction ; but, if well opposed, this 
mode of approach would perhaps be both dangerous 
and uncertam, from the aifficulty of passing a tow- 
rope, and the probability of its breaking or beine cut 
by a shot, besides the risk of the steam-tu^ being 
disabled, as was the case with the Danish snip, the 
* Christian the Eighth.' (See Colonel Stevens* account 
of that catastrophe.) 

In the naval attack of Sevastopol in 1854, each sail- 
ing-ship was led to its station by a steam-tug lashed 
alongside, and this is a more effectual method of gain- 
ing tlie end than that of towing would be ; but the best 
application of steam-power for battle purposes is evi- 
dently that in which the propulsion is inherent in the 
ship itself. 

During the war with Russia in 1852-4 the Govern- 
ment of this country, impressed with the importance of 
having a numerous flotilla of steamers, of dimensions 
which would permit them to manoeuvre in shallow 
waters, caused a considerable number of such vessels 
to bo constructed; and these being capable of pene- 
trating into creeks, or moving along a shore to which 
large vessels could' not approach, it was intended that 
they should be extensively employed in the Baltic and 
the Black Seas. One kind of these vessels, which were 
called Despatch Gun-Boats, are from 180 to 200 feet in 
length, and from 28^ to 30 feet in breadth; their 
draught of water is 11 feet 4 inches, and their burthen 
450 tons: they are propelled by screws, and their 
horse-power is 160. Iheir great length, in proportion 
to their breadth, is a serious, cause of weakness in these 
vessels, as it is very difficult to tye them well together 
in midships, and they are very liable to twisting strains 
in heavy seas. The guns are mounted on pivot-car^ 
riages and slides, in the body of the ship ; the one abaft, 
and the other before the funnel. In voyaging the 
^ns are housed longitudinally in the middle of the 
deck. 

A smaller class of steam-vessels has since been con- 
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strnctnd as gun-lmts, and these come fully up to the 
author's idea of what a good gun-boat should be. Their 
dimensions are — in length 100 feet, extreme breadth 
22 feet, depth of hold 7 feet 10 inches ; and draught 
of water at the load-line 6 feet 6 inches ; their burthen 
is 212 tons ; they have two engines, each of 30 horse- 
power, and they are armed with a 68-pounder of 95 
cwt. These vcrscIs are lugger-rigged without bowsprit, 
and they are sufficiently strong to bear that heavy gua 
at either, or at both ends, for action. 

173. The means of reducing to practice the principles 
which are to operate the vast chan^ in naval tactics 
caused by the use of steam as a movmg-power in ships 
of war may, to many persons, appear to involve very 
serious diifaculties ; ana, perhaps, to some, those diffi- 
culties may seem insurmountable. Such, indeed, they 
would be if it were attempted, without previous expe- 
rience, to execute the more complex formations, which 
are occasionally required. Officers and men should^ 
however, be made familiar with such formations with 
steam-fleets, beginning with those of the most elementaiy 
nature, as the disposition of ships in simple lines of 
bearing, and proceeding to the formations of columns 
in double lines of bearing : they should also be exercised 
in the practice of the evolutions required in the various 
circumstances of attack and defence. 

Much study will be required on the part of naval 
officers to enable them to understand thoroughly the 
principles and objects of naval warfare with steam; 
and, with this, much must still be left to individual 
judgment when an officer would put those principles in 
practice, or direct those who are to execute the opera- 
tions under his superintendence. 

The diRposition of a fleet in divisions, consisting of 
doable columns en echelon, in lines of bearing, as shown 
in fig. 8y p- 112, may be considered as the general order 
of steamine in which a fleet should move, being thus 
always reMy either to meet or to make an attaoc. In 
naval, as in military tacticR, the formations for action 
depend on various conditions; on the lociJitieSi on 
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moral circumstances, on national cliaractcr, and on the 
talents of the commanders ; and it is justly observed by 
a great tactician* tbat it is a fatal error to attempt 
tlie reduction of every system of war to fixed rules, and 
to cast as it were, in one mould, all the tactical com- 
binations which a General may have to form. 

174. On land, an enemy in retreat takes advantage 
of the inequalities of the ground, profits by the conc^ 
ment which woods and other impediments to pursuit 
afibrd, and avails himself of the natuml defences which 
are to be found in all countries : a limit is also assigned 
to the intensity of pursuit by an exhaustion otthe 
physical energies of men and horses who have borne 
the heat and burden of the day. But the sphere of 
naval operation is an expanse of water open to view, 
except when ships are enveloped in smoke ; the manner 
and direction in which a discomfited fleet retires are 
seen, and the damage sustained is obvious. The sea- 
man, his exertions in battle over, finds rest in his turn, 
and is restored to strength by an immediate supply of 
food, whilst his ship carries him forward . to reap the 
fruits of the victory gained. It follows that an admiral 
of a steam-fleet who has succeeded in throwing an 
enemy's fleet into confusion, or in gaining a victory in 
the tactical signification of the term, will only have 
accomplished half his duty if he do not follow up his 
successes vigorously. Any advantage gained by a 
steam-fleet in action should always be attended with 
great results. 

* JoMiNT, Snr la Formatum da TVtwpft, 1815. 
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( A. ) 

LIST OF THE BRITISU STEAM NAVY. 



Adoukir, icrew .. •• 

Acftmemnon do 

Aiaz do. 

Alacrit J, fcrew gna-Tctiel 

Alhan, paddlo 

Albert, icrew 

Alccto, paildle 

Alert, icrew 

Algien do 

Amphion do 

Anton, •crew (being built) 
AntLlnjH.% paddle (iron) ,. 

Archer, icrcw 

Ardent, iMuldle.. . .. ... 

Arpus do 

Ariadoe* screw (nearly 

ready for bei n g launched) 
Aricil, fcrcw.. .. .. 

Arrogant do 

Arrow do 

Assurance do 

Au roni do. (neaf 1 y feidy 

for being launched) .. 
AUais screw Cot^arly ready 

for bein g I auacbed ) 
AtOB, paddle .. ** •* 

Baccbaott, screw .. 
Bjiosbee, paddle ... .. 

iJarracouta do, 

BaiTOf a, screw (being built) 
n^^UUk, paddle 

Ikap^le, screw 

BienheJm do 

Bloodhouud^ paddle (iron) 

Brisk* screw 

Brxin^ifick do. ,. .. .. 
Hulldof?, paddle .. .. 
Bulwark, screw (to bo laid 

down) 

Bttsxard, padd)e ........ 

Cesar, lerew 

Cadmus, terew corrttte .. 



0».. 


H.P. 


90 


400 


91 


600 


60 


450 ' 




200 




100 i 




400* 




200 




100 1 




600 • 




300 




• • 




S60 




S03 




200 1 




300 < 




800 




60 : 




360 • 




160 ' 




200 ! 




1 
400 




800 1 




160 




600 




350 ! 




300 




«, 




400 




160 




450 




150 i 




250 : 




400 ! 




500 




.. 




300 




400 




400 



Camelton, screw sloop •• 
Canadian, screw (ncarlir 
ready for being launched) 
Caradoc, paddle .. •• 

Cifntaup do, (ifOO) •• 
Ccotunon» screw •• „ 
Challenger, screw correttA 
CliaryUlis, sercw t^MTcttc 
(nearly ready for bciag 
lauDched) .. •• •• 
Chesapeake, screw •• •• 
Clio* screw corvette •• 
^oll^<Mi^, ficrew ,, ., 
Columbia, paddle •• •• 
Comet do. •• .. 

Conflict, screw 

Coiiquenirdo 

Co^ i r. . • I * ,: . c r- r, = w guu-TCiael 
Cori... . u :'::.;w ,. ,, 

Cormorant, screw gua-rciMl 
0>mwallis, screw .. •• 
C^*5ack, screw conrette .. 
Cressy, screw .. •• •• 
Cruiser do. .. •• •• 
Cuckoo, paddle .. .. 
Cura^oa, screw .. '.. 
Curlew do. .. .. •• 
Cyclops, paddle .. '•• 

Dasher do 

Dauuik-M, screw ,, *, 
Dee, paddle .» .. 
Defiance, screw (nearly 

ready for being Imanebeu) 
Ik'Aperak\ screw „ „ 
D^' vas tatioD, paddle • • 
Diadem, screw 
Do»#gal do. (being built) 
Doris, screw .. ,, 

Drajgon, paddle .. .. 

Drirer do. 

Duncan, screw (nearlv 

ready for being launchad) 
Duke of Wellington, acrtw 



17 


208 


17 


•• 


S 


m 


c 


MO 


80 


400 


SI 


400 


SI 


400 


ft 


400 


SI 


400 


80 


400 


8 


100 


3 


80 


8 


400 


101 


800 


4 


200 


11 


190 


4 


200 


60 


200 


SO 


250 


80 


400 


17 


80 


3 


100 


31 


350 


9 


60 


8 


320 


S 


100 


31 


580 


4 


800 


91 


800 


8 


400 


6 


4C0 


32 


800 


101 


800 


32 


800 


8 


880 


8 


S80 


101 


800 


131 


700 



H.P. 
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Gum, 


ILT. 


1 read y for beln gr Iftuo^cdj 


G^^ 


ap. 


Ed^r, icrew 


91 


600 






Edinbargli, «errw .• .. 
Bdorald do* •• •• 


60 


450 


m 


400 


.51 


600 


4 


150 


En^oitnUT dtK *. .« 


14 


3G0 


Jumcfl Walt, servw •« T,. 


11 


600 


Ekk, terev eorT€tt« *. .. 


SI 


150 


Jason, tcrew (nearly ri»dy 






fisroUs, iCrtw Bonmr- 






t for bciag Iftuucbcd) ,. 


11 


** 


»hip ., >. *. 


19 


100 








£OrjK]Dit« KftfW m* a« 


51 


400 


Eitr, pQddl# , 


3 


170 


Exmauih do, .. .4 


W 


400 


1 






TtltM do, .. .. .. 


17 


loa 


LspiriDg, serf* gUD- vessel 


4 


200 


Favn da •. .» .^ 


IS 


100 


le 


560 


Firel»twidf paiddk - t. 


§ 


410 


Lifly, screw ,, ., *, 
Ligbioing, paddle ** *. 


51 


600 


Fifvdy da .. .. 


4 


210 


3 


100 


FlpBg fiili, «rtw ^u- 






^ LiOfiY«cr«w ,. ** *• 


00 


400 


vpikI 


e 


350 


, Uiai^« paddle [\rm) «. 


1 


150 




fit 


400 


, Lcxttftt do. kP >< *• 


3 


100 


W«nh dcK 


13 


l*tO 




10 


900 


Fox* tenw tmupeft 


41 


100 


Ltidr«r do 


1 


1»0 


F«ii9«% p«ddk •- .• 


1ft 


400 


Lpjbi, icfew ,, .* •. 


< 


00 


Fwy da 


« 


$lft 


Lyi* da •< *. ,. 

Mj^ekone, paddle ,. 

, Ma ctlic, terew .« .. 

MAlacea da ,. ,* .. 


1 


60 








16 


400 


Tttdj forbpingUoAC^fd) 


fft 


«■ 


80 


400 


G»QQtt, i^rtw * 


11 


150 


IT 


mo 


Cr J Mrr, paddle*. „ ,. 


t 


140 


>I trl bofougb, iCTtw 


*fl 


6ti0 








. Man, tcrew »• .* .. 


60 


400 


101 


BOO 


Meeeneedo^ 


BO 


400 


GladUtor, p»d41« .. .. 


e 


450 


Medes, paddle., .. .. 


6 


350 


Gotiab, icrev 


80 


400 


UMnm da 


4 


31S 


Gorgmi* |addle *. .. 


i 


320 


Mc^lo^a da 


4 


313 


Grrirltodad, uertw (beioc 






Mfptra, icrcw (irod) .. 
Merlin, paddte «. ,. .i 


6 


350 


IwiJl) ..,...» 


n 


100 


50 


600 








6 


311 


IIunjbBU ter«v •• .* 


fi 


450 


Merwy, icrew .. .. .. 


40 


• • 


Ilar7r,pftdd]e(lfw) .. 


1 


100 


MiiiE, teiev (iron) gmn- 






Il&mer, Ki^ew „ », „ 


IT 


too 


Tf»el «* li t. •• 


10 


•• 


IlMfiogi d^ 


€0 


100 


Mrrandii, tcrew ,, „ 


u 


150 


mmU do. 


60 


2t>0 


Mnhawk, icrcw |^n<re»Kl 


4 


too 




i 


14(1 


Mutinp ilo, (Bcnrly n*dj 






lleelA da , 


6 


14(1 


for being lAttfii^bed) *. 


*l 


SCO 


Ilcrmet da «* .. .. 


s 


ia<i 








n<*ftJ, icrew ,« •« «« 


91 


fiOO 


Keptwoe, (Cfw (cotdewft^ 


01 


500 


lligbAjcr, www coTfttle 


11 


lAO 


N^irtaitJc, 10 few (bemg 






lIogQc, icrcir *, „ •• 


io 


450 


balll) ., ., I .. 


50 


*• 


l]ood,^rvw (urarlj rctdf 






Kiffor, acrew 

Nile do 


13 


400 


for being laoAelicd) ,» 


tl 


600 


91 


560 




11 


150 


Nlmmdf tcrcw gitii*Tefleel 


6 


t7i 


lio^Mf da >■ »■ *• 


17 


100 








Howf, scTtf* (Dfaftffwdf 






Oberoti, peddle (iwo) „ 


3 


160 


for bciop Uimcbdt) ** 


111 


tOOO 1 


Odin, paddJe .» «, •« 


16 


660 


fljdiv, p»idl« .. .. •• 


• 


HO 


: Or^iet, tcrtir (belsg Mlt) 


tl 


*» 








J Orioa, icrew 


tl 


§00 




tl 


«0 




50 


1000 


Inmonmlit/.terf w (ncftHj 






Qrpheas, Kre^ (b^ifig built) 


11 


a* 


«ady fckr being lAQscb«d) 


m 


600 


Otpreji icrt» fii»-Teii«l 


4 


waa 


Tnpi'rietu^, wtrtw *, •• 


11 


360 


Otter, peddle ., .. .. 


i 


110 


taduiirjr. ftcrcv (iron) ,* 


1 


eo 








Uflcxibk, pttddle .. .. 


i 


578 , 


PaiiUloeD, icrev (beiag 






lMi<9id,*«»wfu.^»i*l 


i 


S80 


MIt) .. 


10 


■* 
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Pearl, icrew eorretto 

ready fof being laitnchrd) 
Pclorut, *erew corrette ., 
PcmbrokCg icrcw ,, ,, 
Pt'ticlopc, padille 
PtTfio vera nee, icrew (iiwi) 

PifXTiiy^ paddle .. 

Piki^ do, „ <* .. 

l^ioneer, icrew gnn-Tftccl 

Plumper, tcrcw 

riiitOf paddk *« 

Porcupine, paddle ** 

Prince of VVnleit wrew 

(nearly tvady for bebg 

launched) 
Priueest Kojriil, lerew ,* 
Promctheof, paddle . . . . 

Protpero do 

Pyladet, screw corrette .. 

Qneen, fcrew (cat down) 

Racer, fcrew , 

Ranger do 

Racoon, screw corrette .. 
Recruit, paddle (iron) .. 

lIi?d|>ole, paddle .. .. 

Re II a rd. Acre w 

Reti4iwii do * .. 

Retribution, paddle .. 
Revenge, screw (being 

built) 

R bad a a> anthrax, paddle ,* 
Riflemati^ cerew 
Rbatdo^ierew (being buih) 
Ringdove, ferew gur^-vesiel 
KDdney, serew ♦, 
Iloebockj tcrew gun-¥«scl 
itnriAmond» padiilc .. 
Rojal Albert* icrew 
Iloyal Frederick, icrew 

(nearly reikly for being 

lauucbed) 
Royal Geor^ screw 
]k»yiL| Sovereign, icrcw , . 
Russell, screw 

Stp George, sere w ,. 
St. Jenn d'Acre* icrcw ,. 

Salanmnder, paddle .. .. 
SampsoHt do« *• 
San* pirci U f crew .. 
Satdlitet tcrew corvette .. 
Scourga, paddle 
Scout, screw corvette 
Sejlla do. 
Seahorse do. 



Own. 



SO 

17 
SI 
60 
16 

S 
6 
3 



6 
12 

4 
3 



131 

•1 

5 

81 

86 

II 
6 

82 
C 

I 

4 

91 

28 

91 
4 
8 

16 
4 

90 

6 

6 

121 



116 

102 
131 
60 

91 

lOl 

6 

6 

70 

21 

6 

21 

21 

IS 



H.P. 



400 

200 
400 
200 
650 
360 
260 
100 

50 
350 

60 
100 
132 



800 
400 
200 
144 
350 

500 

150 
60 
400 
160 
160 
200 
800 
400 

800 
220 
100 

200 
500 
175 
280 
500 



400 
800 
200 

500 
600 
220 
467 
400 
400 
420 
400 
400 
800 



Sbannon, screw .. .. 
Sharpshooter, serew (iron) 

Sidon, paddle 

Simoom, screw (iron) .. 

Snake, serew 

Sporrowhawk, serew 

Sphinx, paddle 

Spiteful do 

Spitfire do 

Stromboli, paddle (troop- 
i^liip) 

St)3E, paddle ! 

Suppl^j screw 

Surprise, ^erew gun-Tetid 
SvaUowi tcncw 

Tartar, screw eorrette •• 

TartaruBp patMle 
Teaser, terew gun-veeicl 
TcnMf^nU icrew ,, 
Tt^rribic, paddle 
Thais, paadle (Iron) 
Tnpazc, screw *. 
Torch, paddle (Iron) 

TribiinCplcrew 

Trident, pa^ldle (iron) . . 
Triton do. do. 
Trafalgar, screw .. .. 

Urgent, screw (iron) store- 
ship 



Valorous, paddle .. •• 

Vesuvius do 

Victur, icT^w gnn-vetsel 
Victnr Emanuel, screw .. 
Victoria, screw (nearlv 
ready for being launched) 
Victoria and AltMirt,paddle 
Vigilant, screw gnn-Tfisel 

Viper, screw , 

Virago, paddle 

Vivid do 

Vixen do 

Volcano do 

Vulcan, screw (iron) 
Vulture, paddle .. •• 

Wallace, paddle (iron) 
Wanderer, »crcwgQn< 
Wasp» screw ,, 
Wc&tfr, paddle (iron) 
Widffcon do. 
Wildfire, jpaddle . 
Windsor Castle, i 
Wrangler, screw 
Wye do. .. 



Zealous, screw (ordered) 
Zephyr do. •• .. 



ftl 
8 

SS 
8 

4 
4 
6 
€ 
6 
6 

6 

8 
4 
• 

to 

4 

8 

85 

81 

61 

31 

€ 

3 

fl 



16 
6 
6 

•1 

181 
8 

4 
4 
6 
8 
6 
3 
6 
6 



4 

13 

6 



116 

4 



•1 
3 



ILP. 



600 
808 
560 
850 
160 
800 
500 
880 
140 



60 

850 
136 

40 
310 
800 

80 
600 
150 
300 
350 
860 
500 



400 

400 
880 
350 
600 

1000 
600 
800 
80 
300 
160 
880 
140 
350 
470 

100 
800 
100 
160 
90 
76 

160 
100 



100 
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BRITISH NAVY. 



Fmox the most aatheDtic infonnatlon the state of the British navy 
OD the 5th May, 1860, was as follows :— 





Stetm. 


flUUn^ 


Total of 


OMtiffik^ 










SmniMid 




ASott. 


Mdlnff0r 
OmtctUi^ 


T^UL 


Aflort. 


Sailla^ 


Unm 


48 


12 


80 


16 


76 


Frigfttot 


84 


16 


50 


13 


63 


Block ShiM 

IiQiKMedShiM •• •• 


9 


• • 
4 


9 

4 


•• 
• • 


9 

4 


Corvettes ' .. 


18 


5 


21 


8 


24 


toSTveei^ '.! 


80 
27 


15 

•• 


95 
27 


•• 


95 
27 


OoB VeeKbead Ghm Doeli 


171 


21 


192 


•• 


192 


VIoeliagBetieiics .. .. 


8 


•t 


8 


•• 


8 


Ttamporis 


15 


•• 


15 


•• 


15 


MeiteVeMela 


4 


•• 


4 


•• 


4 


Total •• .. 


418 


78 


485 


82 


517 



Armameni <f th$ 8onw CarottUM. 

N«. rtu 

20 S-indi 00 cwt 8 10 

1 68-poiiDdBr pifoti 95 cwt .. .. 10 



21 

Time of the abore are armed as follows:— 

«a rtiB. 

20 S-inch 00 owi. 9 

2 68-poiiiiderpifO(i|95Gwi. .. .. 10 



The ^ Beoown** is our best screw-steamer, and should be the 
modd of these to be hereafter eoostnicted* At present we have 
lev like her. 



Apr. S. 
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WAR NAVIES OF THE SEVERAL CONTINENTAL FOWEBS OF 
EUROPE, AND OF THE UNJTED STATEa 

TsE number of French ships of the line and vessck of war, when 
the CommiBsion of Inquiry (Enquete Parlemcntaire) commenced 
its laboursi in 1850| was as in the following table :— 

ASott OatkiSlochiu 



20 

18 

8 



Urst-iftU) 



Scoond-rato 



Ships of tho lino •• •• 27 

Fni;atos 80 

Corvettoi 81 

Brigs 46 

Gun-brigi 6 

Batimons l^gcra 83 

Sailiug traniports 87 

StOAm-ships of war, from 450 to G50 H. P... 20 

Ditto, from 220 to 400 H. P 27 

Ditto, of 200 H. P. sod under 60 

The twcnty-seren ships of the. line afloat are as follow :— - 

Ocean. 

Montcbcllo. Aiizillsi7(160H.P.) 
Bouvcrain. 
•• ^ ♦Fricdland. 
♦Valmy. 
. •Villc do Paris. 

[ •Hcrculo. 
I •Jcmappcs. 
I ♦Tagc. 
. *Ucuri Quatro. 

Jena. 
♦Suffrcin. 
^Inflexible. 
•Bayard. 
•Diigucsclin. 
•Brcalau. 

Charlemagne. Auxiliary (266 H. P.) 

Diademe. 

Neptune. 

Jupiter. 

NapoUon. Steamer (060 H. P.) 

Marengo. 
Trident. 

Villo de Maneille. 
Alger. 
Dnperr^. 
. G^n^reux. 



Third-rate 



Fourth-rate •• 



* ThoM marked with an attcriik were to be immediately eonvcrtcd iato ilnum- 
ihipt. 
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Tbe twenty ahipt said to be then on the stocks are as follow :— 
Fiisi-imto ••, •• Louif Qoatono. 



f Flcuras. 

Ulm. 

Diij^uay TrouiD. 

AiiniUal. 

Turcnnc. 

Navaritu 

Austcrliti. Steamer. 

Wagram. 
i Eylau. 



Beoood-iale . 



Thinl-rmte 



' IXmawcrib. 

Fontcniiy. 

TiUit. 

^fassena. 

Castiglione. 

Duqmtne. 

Tourville. 

Saint Louis. 

Alexandre 
; Jean Burt. Steamer. 



Eighteen of the above twenty were sailing ships, and these have 
rinoe been converted into steamers. The twelve old sailing-^hips, 
marked above with an asterisk, have »noe been lengthened and are 
to be converted into screw-steamers of 400 to 450 horse-power. 
All these will, when finished, make thirty-two line-of-battle steam- 
ers ; but, ance that time, twelve new steam-ships have been built, 
and one of these, the * Brctagne,' was launched at Cherbourg, on 
the opening of that port in the present year : it carries 131 guns, 
and has engines of 1000 horse-power. The building of nen shine 
in tbe ports of France conUnues, and there is no doubt that in 1801 
tbe number will amount to fift^, as recommended by a member of 
the ** Commission of Inquiry y"* m 1851. All the new ships of the 
line^ are built on the tvpe of the * Napoleon/ and are to have 
enmnes of nearly equal horse-power. 

It may be interesting to know that, according to the evidence 
given at the EnquSU Farkmentaire in 1851, the total quantity of 
oak timber, for the purpose of ship-building, then in store at the 
five mat ports of I* ranee— Cherbourg, Brest, L'Orient, Rochfort, 
and Toukm— amounted to 207,673 st^re (7,334,387 cubic feet), 
and of fir 28,831 st^ (1,018^24 cubic feet) ; also that the whole 
asean annual eoosumption of oak for this purpose^ at the same ports, 
was 85,834 st^ or 1,265,549 cubic feet 



Arr. U. KATIES OF OONTINENTAL F0WEB8. 

Statb or TUB Fbbxch Katt or Mat. I860. 
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dMiorsMpu 


Stasm. 


mm^ 


Tilal«r 




AfltMl. 


BuiUlos. 


TdUL 


Aflotl. 


arfUig. 


Linen 

Frigatct 

Iron-eoscd 8biiw .. .. 

Conrcticfl 

AYi«M»&0. 

Gunlkwta 

Floating Uattoriot .. .. 
TnuMporto 


33 
34 

2 
17 
80 
80 

5 
31 


4 
13 
8 
2 
3 
29 
4 


87 
47 

5 
19 
89 
68 

9 
31 



28 

13 
4G 

•• 


40 

75 

5 

S2 

135 

68 

9 

81 


Total .. .. 


247 


58 


805 


90 


401 



The British steam navy is undoubtedly superior to that of 
France, but this superiority falls far short of what it diould be» 
considering that we have to provide for the defence of our coasts 
at home, and of our colonial possesions in all parts of the world. 

The Russian navy, during the war with Turkey in 1829, con- 
sisted of five divisions, each comi)rehendinff 9 lin€M>f-battle ships, 
6 fii^tes, and 8 corvettes and brigs, with o steamersi This force 
has smce been augmented to 12 line-of-battle ships in eadi dirision. 
The total establi^iment of the Russian fleet at tne commencement 
of the late war was GO ships of the line, am^ed with from 70 to 
120 guns ; 37 frigates, of from 40 to GO guns ; 70 corvettes and 
brigs ; 40 steamers and 200 gun-boats. The system of manning 
is by establishments of ihuipa^es de lignCy as in France. Of this 
vast naval force three-fitths were stationed in the Baltic, and two* 
fifths in the Black Sea. These last diN-isions having been destroyed, 
and treaty obligations having been forced upon Russia not to 
re-establish a naval arsenal at Scbastopol, she is devoting her 
naval resources to increase Ixer Baltic fleet, which will, in the 
course of the next year, amount to 40 steam-ships of the line, all 
the sailing-ships being converted into steamers. 

State op the Russian Navy m Mat, 18G0. 







Steam. 




SttlUng. 


Total of 


ClAMOfSbip. 










SlMinMid 


AfloAU 


DttlUlog. 


Toui. 


Afloat. 


SaiUtif. 


Linen 


13 


9 


22 


16 


38 


Frigatcf 


18 


3 


21 




21 


Corvuitcs 


11 


11 


22 




22 


8maU VdHioUi 


SO 


,, 


30 




30 


Gun Boats 


112 


25 


137 




137 


TraiisporU 


8 


•• 


8 




8 


Total .. .. 


192 


48 


240 


16 


2&G 
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Hie Austrian navy oonskU of— 

2 Ships of the line. 

6 Krigitct, carrying 215 gum. 

6 Conrettce, ^ ^ n 

7 Brigs, „ 112 „ 
6 SdioonerSy ^ ^ n 
2 Fkams, „ 20 „ 



1 Gan-boat, carrying 10 guns. 
d4 rinnaoci „ 102 „ 
18 Sloops n GO M 

5 Scboonor-brigs 12 „ 
11 Steamers ,, ^ n 

5 Trabaootis« 



Tbe DdTj of the Netherlands consisted, in 1850» of— 



2 Ships of 
6 „ 

3 „ 

1 » . 

8 ff 

2 „ . 

2 .. . 

4 .. . 



84 guns. 

I^ - 

60 ^ 

64 ^ 

44 ^ 

38 „ 

28 ,, 

20 ^ 



4 Ships of .. 
2 

10 
9 



10 

1 

11 



It 

9t 

n 
ft 



22 guns. 
.. 20 „ 

•• 18' t9 

.. 14 „ 
•• 15 „ 
.. 12 » 

.. 8 99 

6,6,or4 „ 



There are, besides, — 



18 Steamers of 7 guna. 

I : ; : 



Six sailing-sbips and three steamers-of-war were on the stocks^ 

Tbe Dutcb navy, under the ministry of Admiral GoUns, an 
aiperJenced and excellent officer, is in a rery efficient state. 

Tbe Danish navy, in 1853, consisted of— 



6 Llne-oMmttle-Ships . 

7 Frigates • 

3 Conrettes 

4 Rrigi 

1 Barque 

3 Scboooeri 

1 CuUer 

38 Gun-aloops and Boata 



Staam-Tcsscls as follow :-— 



Thor •• 
Ud^icr Danake 
Hcckia 
Getaer .. .. 
Skimer 
.£g|r .. .. 



12 30-pr 

1 CO-pr., 6 30-pr. 

1 60-pr.9 6 24-pr. 

2 GO-pr., 6 18-pr. 
2 24-nr. .. .. 
2 IS-pc. .. .. 



There were tben on tbe stocka-^ 

1 8 teaas>fr ifials .. 44 3(>-pr. 
1 Cof veils •• •• le 



Omff. 
CGto84 
44 to GO 
20 to 28 
IStolG 
12 

lto3 

GfalcoQcta. 

lto2 



ILP. 
2G0 
2lK) 
200 

ino 

120 
80 



H.P. 

3U0 
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The Swedish nafj, in 185S, oonaistcd of— 

10 LinMr-baltfe-Sliipt. 8 Sdioonera. 

6 Frigates. 214 Oun-boata. 
4 ConreUat.* 7 Mortar-boats. 

1 Brig. 21 AdTios-boatB. 

There are, bettdes, 10 steam-ressels. 

Of the ten line-of-battle ships, two are said to be in bad 
dition and the remaining six were to be fitted to reeeiTe 
propellers. 

The Norwegian naval force connsts of— 

3 Frigatos. 

4 Conrettss. 
1 Brig. 



8 Schooners, canying 

2 Do. „ 

80 Gun-boats, „ 

40 Oon-yawls ,, 

There is^ besides, 1 steam-conrette. 



Gmi 



68-pr. 
24-pr. 
68-pr. 
24-Fr. 



The Ukited States' Navy. 

JFViom ike Bepari<ifth§ Seereiary of the Navy v% 1866. 



Wabash, steam-frigate. 

Merrimac do. 

Kia^ra do. 

Susquehanna do. 

Minnesota do. 

Saranao lio. 

San Jacinto do. 

Savannah. 

Kcsolute. 

Fulton. 

St Lawrence. 

Saratoga, sloop-of-war. 

Cyanc. 

German town. 

Falmouth. 

Bainbridgo. 

Water Witch. 

Congress, frigate. 

Constellation, sloop-of-war. 



James Town, sloopi. 
St. Louis do. 

Dale do. 

Levant do. 

Portsmouth do. 
Powhattan, steam-frigate 
^lacedonian, sloop-of-war. 
Vandalia do. 

Independence, frigate. 
John Adams, sloopw 
St. Mary do. 

Dccator do. 

^lassachusetts, steamer. 
John Hancock do. 
Dolpliin, brig.' 
Fcnnimoro Cooper. 
Arctic, steamer. 
Plymouth, sloop-of-war. 
Yinconncs. 



* One of these, the * Naijaden* (18 guns), is the exorcising shin, for gnnnery 
practice, in the Swedish navy. This vessel of war was rooently repured in 
Chatham dock, having sostained oonaidcrablo damage by running aground on 
the Qalloper Sands daring her Toyage from Christiauond, on her waj to tbs 
West Indies. 
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• 

The armament of five now frigates consists of 8, 9, 10, and 
11-indi shell guns. The 8-inch guns are on the spar-deck, and 
the 94nch guns on the gun-dedc : the fri^tes hare besides a 
68-pounder solid-shot pivot-gun at bow and stem, the 10-inch 
shcU-gun, which was formed upon the model of the 10-inch British 
shell-gun, harin^ been abolished in the United States navy, as 
being deficient m accuracy, range, and power.* Yet this very 
defective shell-gun, displaced, as a jnvot-gun, in the British ser- 
vice, on account of its great inferiority to the 68-pounder solid- 
shot gun, as shown in Ardcle 274, n. 270, * Naval Gunnery ' ^5th 
edit), and wholly proscribed from tne naval service of the Umted 
States, forms the principal armament of the * Diadem,' and other 
firigates of her class, lately built and armed, as fullv equal to 
contend with the United States' frigates * Niagara,' ^Merrimac,' 
&C. I Surely thb defective shell-gun Aould be forthwith withdrawn, 
and the 6Ckpounder solid-shot gun substituted. There is ample 
displacement and deck-room to admit of this ; and we have the 
authority of Captain Dahlgren, and even that of the ^lant 
Captain of the * Diadem,' for asserting, that the 95-cwt sobd-shot 
68-pounder may be worked as easily as a 32-pounder, and, it may 
be added, fired at long ran^ with solid shot, as rapidly, at least, 
as a 10-inch shell-^n, which cannot fire solid shot 

The * Niagara carries twelve 11-inch guns, each capable of 
throwing a shell wei^hin^ 135 lbs. All the shell-guns are capable 
of firinff solid shot ; but m the United States' service hollow shot 
are abdished.^ Shells are preferred on account of the destructive 
efiects whidi are expected to ensue when they explode in an 
enemy's ship. 

It oas beei^ recommended to the Government of the Umted 
States that thane should be constructed a number of sloops of war, 
eadi furnished with brass boat^guns — 12 and 24 poundears. These 
vesseli, on account of their small draught of water, are expected 
to do good service in defending the coasts, or on entering an 
eoeB/s harbonn. 

; DiJilgran, • fihsUt and SImU^SOiis,' pp. 35, 266. 
^IUd.,p.21. 
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( 0. ) 

ON THB FORMATION OP A NEW CODE OP NAVAL TACnC& 

A COMMITTEE of the most sdcntific and experienced Naval offioen» 
with the aid of some officers of the Artillery and Engineers, weQ 
versed in tactical science, and in the arts of military attack and 
defence, should be appointed, in order to make a selectioa of 
formations adapted to fleets composed exclusively of steamers; 
and to decide upon the evolutions to be performed by siKsh fleets 
previously to, and during the continuance of, an action at sea. 
A measure of this kind is now become one of paramount import- 
ance, and even of absolute necessity ; nnce, as has been already 
stated in this wrok (Arts. 40, 102, 108, 118, 119), the motive 
powers of steam and wind cannot be made to act together with- 
out entirely nullifying, through the limitations imposed by the 
wind, and the complexity of ule operations, the advantages which 
arc to be derived from the application of steam being made with 
equal facility in all the various conditions of naval warfiure. 

In the presence of an enemy at sea, all sails must be furied, ' 
and tlio Regulations relating to warfare under sidl must be disre- 
garded. Others of a different character must be prepared ; and 
even a vocabulair of terms must be provided, in accordance with 
the new system of tactics, as substitutes for the technicalities relat- 
ing to the movements, and the working of sailing-ships ; these 
will have no place in the tactics of steam-fleets, and ought, in 
consequence, to become obsolete. In a steam-ship there will be 
no starboard or larboard tack ; the more simple terms right or 
left will suffice: there will be no luffing up or wearing round; 
and the order to turn ship in an assigned direction, communicated 
by signal or otherwise, may be given in their stead ; and the like 
may be said of manv other nautical phrases, which, henceforth, 
should be considerca as antiquated, and should give place to 
others more in accordance witli ordinary lanmiage. The circum- 
stances of armies in the field have their an^dogues in naval war- 
fare ; therefore, military terms might with advantage be intro- 
duced in nautical science; and thus the inconvenience of cm* 
ploying different terms to designate similar actions or objects 
would oe avoided. 

It appears to the author that a committee of the most sdentific 
and experienced officers of the Roval, and^ Royal Marine Artilleiy, 
that can be obtained, should also be appointed to revise the It^- 
lations which now exist res^cdng the armament of the British 
line-of-battle steam-ships, with a view of adapting the armament 
to the volumes of the snips, and keeping it in harmony with the 
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great tactical prindple of redprocal defence. In canyin^ out 
Siis prindple, the gunnery nowere of the different ships recjuirc to 
be combined with each other in such a manner as to give the 
greatest military strength to the whole fleet, by enabling each 
uip to giTe to, and receive from, the neighbouring ships, that 
•apport which constitutes the main strength of a defensive system, 
instead o( as in times past, leaving each ship to rely on its own 
isolated strength. 

When a spedal code of Regulations for the evolutioits of steam- 
fleets shall nave been completed, a new code of signals, by which 
the regulations for executing those evolutions may be most effeo- 
tually carried into effect, snould also be drawn up. Tlie same 
£slinctive «gnal-fla^ as are at present in use may be employed, 
but tbey shoidd be displayed in a different manner.' Flags droop 
in calm weather, which is the most propitious time for an engage- 
ment between steam-fleets, and then they become useless; even 
when they flutter in the breeze they are not eanly made out, 
if the wind should be in the direction in which the ngnal is to be 
made. Every signal-flag should therefore be bent to two small 
yards, one above and the other below, an expedient often put in 
pTMtioe during the late wars, but which should now be invariably 
adopted :^ tbela^ should be connected together in the prncribed 
combinatioo ; hoisted to the most conspicuous part of the rigging, 
tbeir planes perpendicular to the direction in wUcb the signal la 
Id be paswd. 



IsikVKa^ 
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Atmospherical steam-engine, natnre of the 

Attack, success in, depends on the relatiTe speed of the) 
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to the point attacked j 
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— from the windward, advantages of 
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Basilisk and Niger, experimental trials bv the .. . 

Bee, remarkable experiment made with the steamer . 
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, formula for the figure of a .. , 
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Centre of preuii re ia|Nidd]e4)0ftrds 

C&al can be carried in tfeftmera oolj Ibr a few dajt •• 
CuliiiDui, double, ihoalil make with each otlier an an^l 

oi^"" j 

Omcks are meant of eoaTcrtiBg a r ec lp roc a tiBg into a^ 

rotaloi^ moiioa j 

€hm «ttack«» the nAiere of 

Cj! Indian, oscllUtofjt seed with direei aetioa «i ihaftil 

«f «b«cl and tcrev pivpeUerfl J 



Befeiiee, mlprv^cat, mij be applied lo aa^al aa well aa 
to miUtarjr tectici ., j 

Diiuscrtbefireen fthip« in line ahead 

— ' betw(?i?n Myi in Une rn Echelon 

Dorii, tteamer^ reEuU* of expenmcuUl trialfwith tlM .. 

Donbtr <^lun^Dii^ mov^mcnu of a dret ittt to attack an] 
eoetnj'i fle«t in An obtiqae poiitioQ J 

Dot]%>li&g on > line nt ibip*^ mnd^^t of rctistinf the\ 
attemptat / 

■ on aa eneonj't line, manner oC, with eailbg ihipe 

DriTcr, HMA.^ made the eircnit of the earth in 1842-ft 
r^deaeriptionofthe 
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EdMlon formation, manner of formias the line of battle en 

■ Ibrmation allowt h rvci^rucjil defence ftoml 
llie fteni tLod bro(a.dii.i,de gunj., «« •• j 

— *- furmatioti adv^tage«a* fof aa attack at either] 

cstiroiitj of » fleet In Itae aJiesd j 

— — fcrnnaiioo ttd^anugc^a« in mpect of the crooa-j 

■ formation U coostttent vith tound taetict*. •• 

, a fleet *% oomparcd to a retr^ncbed line Ibr ani 

r of itrtngilhenmg • Une of battle) 

JSdiijmier manner of dbpos lag two 1 mea of iki pa «n • • 
Enfiladed, or rmked, De««»ii^ ^t avoiding bdng •• .. 
IhlHadhig or rakiog fire, efiecitra onlj when seal- the) 

enemj *, .* .« J 

Ereoion, Ca[^t^ ^i^hibited on the Thamea a etenai-Teiael 1 

viUi •crev-pmpctlrr in 1836 .. „ ^ .. .,/ 
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im, ikoold) 

•• •• ••! 

lapproaeli-i 



Fettbering, Mr. Gallowaj't inTention fbr 

Floett mm^ be mored in diTUlou, it mam on land are) 

mored in columns j 

Fleett of shipf, mored both bj nil tnd steam, sboold. 

perfonn the erolntions onder steam onlj • 
— ~— en ^helon not liable to be enfiladed la 

inganenemj 

Formations en ^heloa, adTantage o( lor making &Ise 

demonstrations • •• .. 

Foaling of a screw b^ floating materials 

— ~— method of diminishing the risk o( prerions to 

action 

Fael» oonsamption of, less with the serew than with the 

paddle, the Telocitics being eqnal ^ 

» economy o( gained ij working steam cx- 

pansivelj , 

» consnmption of,* proportional to the nnipber ofl 

.rerolotions 01 the shaft ..j 

» economj oi; bj allowing greater spaM for! 

expansion i 

Fnlton ezecutca the 'Clermont' paddle^toaaaer in 

America in 1807 : 



0. 

Galloway, inrention of, for feathering paddle-boards 
Garay, Capt, pretensions of, to the inrention of 

propulsion 

Gearing, inconrenicnce of, for steering screw-steamers 
Griffiths, Mr., nature of the screw-propellsr proposed by 
Gunnery, good, might hare preyented the British fleet 1 

fh>m breaking the line at Trafklgar J 

Gun-ports, dimensions of 

Guns may be trained to fire at 37^ 90* before the beam 

H. 

Horse-power, estimated yalue m pounds weight '•• '•• 

» discrepancy between, and gunnery foroe in British 1 

shipsofwar • •• ••] 



Pias. 



Indicator, description of the 
Introduction •# 



Leeward, a fleet to, may decline action '•• •• ' •• • 
Line abreast, adyance in, is difficult for sailing ships . 
— shonld change into line en Echelon when near the\ 

enemy 

, a fleet In, may obtain a powerfbl defence flrom 

the^ofthebow-gnni •• •• ••] 
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Lbt alieady a fleet in, tflMf no reeiproeftl defence 

, lingle, diMidTanUge of 

b ft fl«ct in, maj be more tdTaatageootlj attacked) 

bj a steam fleet at the head than at the rear .. ..I 

line of battle, ferersiog the cztremlticc of, a diflienlti 

and eoBplez operatkm / 
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, manner of forming the, with eailinjii; thipt •• 
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